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^ TECHNICAL FIELD 

Lancing devices are known in the medical health-care products industry for 
piercing the skin to produce blood for analysis. Biochemical analysis of blood samples 
is a diagnostic tool for determining clinical information. Many point-of-care tests are 
performed using whole blood, the most common being monitoring diabetic blood 
glucose level. Other uses for this method include the analysis of oxygen and coagulation 
based on Prothrombin time measurement Typically, a drop of blood for this type of 
analysis is obtained by making a small incision in the fingertip, creating a small wound, 

which generates a small blood droplet on the surface of the skin. 

■ 

m ■ 

BACKGROUND ART 

• . . - 

■ • 

Early methods of lancing included piercing or slicing the skin with a needle or 
razor. Current methods utilize lancing devices that contain a multitude of spring, cam 

■ ■ * * * 

and mass actuators to drive the lancet. These include cantilever springs, diaphragms, 
coil springs, as well as gravity plumbs used to drive the lancet. Typically, the device 
is pre-cocked or the user cocks the device. The device is held against the skin and the 
user^ or pressure from the users skin, mechanically triggers the ballistic launch of the 
lancet. The forward movement and depth of skin penetration of the lancet is determined 
by a mechanical stop and/or dampening, as well as a spring or cam to retract the lancet. 

Such devices have the possibility of multiple strikes due to recoil, in addition to 

■ 

vibratory stimulation of the skin as the driver impacts the end of the launcher stop, and 
only allow for rough control for skin thickness variation. Different skin thickness may 
yield different results in terms of pain perception, blood yield and success rate of 
obtaining blood between different users of the lancing device. Success rate generally 
encompasses the probability of producing a blood sample with one lancing action, which 
is sufficient in volume to perform the desired analytical test. The blood may appear 
spontaneously at the surface of the skin, or may be "milked" from the wound. Milking 
generally involves pressing the side of the digit; or in proximity of the wound to express 
the blood to the surface. The blood droplet produced by the lancing action must reach 
the surface* of the skin to be viable for testing. For a one- step lance and blood sample 
acquisition method, spontaneous blood droplet formation is requisite. Then it is possible 
to interface the test strip with the lancing process for metabolite testing.. 
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~ When using existing methods, blood often flows from the cut blood vessels but 
is then trapped below the surface of the skin, forming a hematoma. In other instances, 
a wound is created, but no blood flows from the wound. In either case, the lancing 
process cannot be combined with the sample acquisition and testing step. Spontaneous 
blood . droplet generation with current mechanical launching system varies between 
launcher types but on average it is about 50% of lancet strikes, which would' be 
spontaneous; Otherwise milking is required to yield blood. Mechanical launchers are 
unlikely to provide the means for integrated sample acquisition and testing if one out of 
every two strikes does not yield a spontaneous blood sample. 

' • * - * * 

Many diabetic patients (insulin dependent) are required to self- test for blood 

■ - . . > ■ • 

glucose levels five to six times dairy. Reducing the number of steps required for testing 
would increase compliance with testing regimes. A one-step testing procedure where test 
strips are integrated with lancing and sample generation would achieve a simplified 
testing regimen. Improved compliance is directly correlated with long-term management 
of the complications arising from diabetes including retinopathies, neuropathies, renal 
failure and peripheral vascular degeneration resulting from large variations in glucose 
levels m the blood. Tight control of plasma glucose through frequent testing is therefore 
mandatory for disease management. . 

Another problem frequently encountered by patients who must use lancing 
equipment to obtain and analyze blood samples is the amount of manual dexterity and 
hand-eye coordination required to properly operate the lancing and sample testing 
equipment due to retinopathies and neuropathies particularly, severe in elderly diabetic 
patients. For those patients, operating existing lancet and sample testing equipment can 
be a challenge: Once a blood droplet is created, that droplet must then be guided into 
a receiving channel of a small test strip or the like. If the sample placement on the strip 
is unsuccessful, repetition of the entire procedure including re-lancing the skin to obtain 
a new blood droplet is necessary. 

What is needed is a device, which can reliably, repeatedly and painlessly generate 
spontaneous blood samples. In addition, a method for performing analytical testing on 
a sample* that does not require a high degree of manual dexterity or band-eye 
coordination is required. Integrating sample generation (lancing) with sample testing 
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(sample to test strip) will result in a simple one-step testing procedure resulting in better 
disease management through increased compliance with self testing regimes. 

■ 

* ... 

DISCLOSURE OF INVENTION 
Embodiments of the invention are directed to a lancet module having a module 
5 body portion with a lancet channel with a plurality of lancet bearing guides disposed 

■ » _ _ ■ 

within the lancet channel. A lancet with a sharpened distal tip and shaft portion is 
slidably disposed - within the lancet channel and lancet bearing guides with the lancet 
bearing guides configured to confine a lancet to substantially linear axial movement. An 
embodiment of the lancet module may have three 3 lancet bearing guides separated 

10 spatially along the lancet channel with a lancet bearing guide disposed at either end of 

- 

the lancet channel. 

* " 

of the lancet channel. 

In another embodiment, a lancet module has a module body portion with a lancet 

■ 

channel having at least one flow stop chamber disposed within a distal end portion of 

- • * ■ - 

15 the lancet channel. The flow stop chamber has a transverse dimension that is 
significantly larger than a transverse dimension of a distally adjacent portion of the 
lancet channel and a rapid transition in transverse dimension. The rapid transition in 
transverse dimension and cross sectional area will interrupt capillary action from a distal 

end of the lancet channel. A lancet with a sharpened distal tip and shaft portion is 

■" 

20 siidably disposed within the lancet channel. 

■ 

In another embodiment^ a sampling module has a module body portion with a 

* * ■ 

lancet channel having a plurality of lancet bearing guides disposed within the lancet 
channel. A lancet with a sharpened distal tip and shaft portion is slidably disposed 
within the lancet channel and lancet bearing guides with the lancet bearing guides 
25 configured to confine a lancet to substantially linear axial movement. A sample 
reservoir is in fluid communication with a sample input port of the module body portion. 

In another embodiment, a sampling module includes a module body portion with 

» 

a lancet channel having at least one flow stop chamber disposed within a distal end 
portion oftbe lancet channel. The flow stop chamber has a transverse dimension ihat 
30 is significantly larger than a transverse dimension of a distally adjacent portion of the 
lancet channel and a rapid transition in transverse dimension. The rapid transition in 
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transverse dimension and cross sectional area will intermpt capillary action Iron, a distal 
end of the lancet channel. A lancet hav&g a shaded distal tip and shall port™ f s 
shdably disposed within the lancet channel! . A sample reservoir is i„ fluid 
conjunction with a sample input port of the module body portion. 

In another embodiment, a sampling module includes a module body portion with 
a lance, channel. A lancet having a sharpened distal tip and shaft portion is slidably 
chsposed within the lance, channel of the module body portion. A sample reservoir 
havmg an input end and a terminal end is in fluid communication with a sample input 
port of the module body portion. A ven, is disposed between and in fluid 
communication with the tenninal end of the sample reservoir- and the lance, channel 

In another embodiment, a .sampling module includes a module body portion 
havmg a sampling site adjacent a lancet exit port where a sharpened distal tip of a lane* 
exrfs a distal end of the module body portion. The module body portion includes a 
sample cavity in a distal end surface of the module body portion. A lancet having a 
sharpened distal tip and shaft portion is slidably disposed within the module body 
pornon and extendable from the lancet exit port. A sample reservoir is in fluid 
commumcation with a sample cavity of the module body portion. 

In yet another embodiment, a sampling mo dule includes a module body portion 
configured to be mechanically registered and secured adjacent a lancet driver. A lancet 
havmg a sharpened distal tip and shaft portion is slidably disposed within the module 
body portion. A sample reservoir is in fluid commumcation with a sample input port 
of the module body portion that has a fill detector for determining when the sample 
reservoir is lull of a sainpjfe. 

In yet another emtodiment, a sampling module includes a module body portion 
with a lance, channel. A lancet having a sharpened distal tip and shaft portion is 
shdably disposed within the lancet channel of the module body portion. A first sample 
reserve* having an input end and a terminal end is configured to have the input end of 
the sample reservoir in fluid communication with a sample input port of the module 
body portion. A second sample reservoir having an input end in fluid communication 
with the terminal end of the first sample reservoir has a cross sectiona! area tha, is 
substannally smaller than a cross sectional area of the firs, sample reservoir such tha, 
a sample flowmg from ,he sample i„ pul porl mto 1he &s , ^ ^ fij] ^ 
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first sample reservoir and then rapidly fill the second sample reservoir by capillary 
action. A terminal end of the second sample reservoir may further include a fill 
detector, which may be electrical, optical or visual. 

BRIEF DESCRPTION OP THE DRAWINGS 
The objects, advantages and features of this invention will be more readily 

* * * 

appreciated from the following detailed description, when read in conjunction with the 

■ 

accompanying drawing, in which: 

■ 

PIGS. 1-3 are graphs of lancet velocity versus position for embodiments of spring 
driven, cam driven, and controllable force drivers. 

PIG. 4 illustrates an embodiment of a controllable force driver in the form of a 
flat electric lancet driver that has a solenoid-type configuration. 

PIG. 5 illustrates an embodiment of a controllable force driver in the form of a . 

» ■ - * 

cylindrical electric lancet driver using a coiled solenoid -type configuration. 

. FIG. 6 illustrates a displacement over time profile of a lancet driven by a 
harmonic spring/mass system. 

PIGS. 7 illustrates the velocity over time profile of a lancet driver by a harmonic 
spring/mass system. 

FIG. 8 illustrates a displacement over time profile of an embodiment of a 

* 

controllable force driver. 

FIGS. 9 illustrates a velocity over time profile of an embodiment of a 
controllable force driver. 

* 

PIG. 10 illustrates the lancet needle partially retracted, after severing blood 
vessels; blood is shown following the needle in the wound tract. 

FIG. 1 1 illustrates, blood following the lancet needle to the skin surface, 
maintaining an open wound tract. 

FIG. 12 is a diagrammatic view ilhistrating a controlled feed-back loop. 

FIG. 13 is a graph of force vs. time during the advancement and retraction of a 
lancet showing some characteristic phases of a lancing cycle. 

FIG. 14 illustrates a lancet tip showing features, which can affect lancing pain, 
bipod volume, and success rate. 

FIG. 15 illustrates an embodiment of a lancet tip: 



WO 03/05M752 

¥CT/US02/l9m 



10 



15 



20 



25 



30 



- FIG. 1 6 is a graph showing displacement of a lancet over time. 

FIG. 17 is a graph showing an embodiment of a velocity profile, which includes 
Ihe velocity of a lancet over time including reduced velocity during retraction of the 



lancet. 



FIG. 18 illuslrates the tip of an embodiment of a lancet before, during and after 
the creation of an incision braced with a helix. 

FIG. 19 illustrates a finger wound tract braced with an elastomer embodiment 
• FIG. 20 is a perspective view of a tissue penetration device haying features of 

the invention. 

* - . * 

■ 

FIG. 21 is an elevation view in partial longitudinal section of the tissue 
penetration device of FIG. 20. 

FIG. 22 is an elevation view in partial section of an alternative embodiment. 

FIG. 23 is a transverse cross sectional view of the tissue penetration device of 
FIG. 21 taken along lines 23-23 of FIG. 21. 

FIG. 24 is a transverse cross sectional view of the tissue penetration device of 
FIG. 21 taken along lines 24-24 of FIG. 21. 

FIG. 25 is a transverse cross sectional view of the tissue penetration device of 
FlG. 21 taken along lines 25-25 of FIG. 21. 

FIG. 26 is a transverse cross sectional view of the tissue penetration device of 
FIG. 21 taken along lines 26.26 of FIG. 21. 

FIG. 27 is a side view of the drive coupler of the tissue penetration device of 
FIG. 21. • . - \ ■ 

FIG- 28 is a front view of the drive coupler of the tissue penetration device of 
FIG. 21 with the lancet not shown for purposes of ^illustration 

FIGS. 29A-29C show a flowchart illustrating a lancet control method. 

FIG. 30 is a diagrammatic view of a patient's finger and a lancet tip moving 
toward the skin of the finger. 

FIG. 3 1 is a diagrammatic view of a patient's finger and the lancet tip making 

contact with the skin of a patient's finger; 

FIG. 32 is a diagrammatic view of the lancet tip depressing the skin of a 
patient's finger. 
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" FIG. 33 is a diagrammatic view of the lancet tip iurther depressing the skin of 
a patient Vfrnjger. 

FIG, 34 is a diagrammatic view of the lancet tip penetrating the skin of a 
patient's finger. 

» 

FIG. 35 is a diagrammatic view of the lancet tip penetrating the \skin of a 
patient's finger to a desired depth. 

FIG. 36 is a diagrammatic view of the lancet tip withdrawing from the skin of 

a patient's finger. " 

FIGS; 37-41 illustrate a method of tissue penetration that may measure elastic 
recoil of the skin. . 

■ 

FIG. 42 is a graphical representation of position and velocity vs. time for a 

lancing cycle. . • 

FIG. 43 illustrates a sectional view of the layers of skin with a lancet disposed 

therein. 

FIG. 44 is a graphical representation of velocity vs. position of a lancing cycle. 

FIG 45 is a graphical representation of velocity vs. time of a lancing cycle. 

FIG. 46 is an elevation view in partial longitudinal section of an alternative 
embodiment of a driver coil pack and position sensor. 

FIG. 47 is a perspective view of a flat coil driver having features of the 
invention. . 

FIG. 48 is an exploded view of the flat coil driver of FIG. 47. 
FIG. 49 is an elevational view in partial longitudinal section of a tapered driver 
coil pack having features of the invention. 

FIG. 50 is a transverse cross sectional view of the tapered coil driver pack of 

FIG. 49 taken along lines 50-50 in FIG. 49. 

FIG. 51 shows an embodiment of a sampling module which houses a lancet and 

* * ■ 

■ 

sample reservoir. ' 

FIG. 52 shows a housing that includes a driver and a chamber where the module 
shown in FIG. 51 can be loaded. 

FJCfc 53 shows a tissue penetrating sampling device with the module loaded into 
the housing.* 

FJG. 54 shows an alternate embodiment of a lancet configuration. 
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- FIG. 55 illustrates an embodiment of a sample input port, sample reservoir and 
economically contoured finger contact area. 

FIG. 56 illustrates the tissue penetration sampling device during a lancing event 
FIG. 57 illustrates a thermal sample sensor having a sample detection element 
near a surface over which a fluid may flow and an alternative position for a sampled 
detection element that would be exposed to a fluid flowing across the surface. 

FIG: 58 shows a configuration of a thermal sample sensor with a sample 
detection element that includes a separate heating element. 

FIG. 59 depicts three thermal sample detectors such as that shown in FIG. 58 
• . . ■ * - 

with sample detection elements located near each other alongside a surface: 

FIG. 60 illustrates thermal sample sensors positioned relative to a channel having 
an analysis site. 

FIG. 61 shows thermal sample sensors with sample detection analyzers positioned 
relative to analysis sites arranged in an array on a surface. 

FIG. 62 schematically illustrates a sampling module device including . several 
possible confiscations of thermal sample sensors including saniple detection elements 
positioned relative to sample flow channels and analytical regions; 

FIG. 63 illustrates a tissue penetration sampling device having features of the 
invention. 

FIG. 64 is a top view in partial section of a sampling module of the tissue 
penetration sampling device of FIG. 63. 

FIG. 65 is a cross sectional view through line 65-65 of the sampling module 
shown in FIG 64. 

FIG. 66 schematically depicts a sectional view of an alternative embodiment of 

the sampling module. 

- 

FIG. 67 depicts a portion of the sampling module surrounding a sampling port. 
FIGS 68-70 show in sectional view one implementation of a spring powered 
lancet driver in three different positions during use of the lancet driver. 

FIG. 71 illustrates an embodiment of a tissue penetration sampling device having 
features of the invention. 

FIG. 72 shows a top surface of a cartridge that includes multiple sampling 
modules. 
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" FIG. 73 shows in partial section a sampling module of the sampling cartridge 
positioned in a reader device. 

FIG. 74 is a perspective view in partial section of a tissue penetration sampling 
device with a cartridge of sampling modules. 

• * * . 

FIG. 75 is a front view in partial section of the tissue penetration sampling 
device of FIG. 56. 

FIG. 76 is a top view of the tissue penetration sampling device of FIG. 75. 
FIG. 77 is a perspective view of a section of a sampling module belt having a 
plurality of sampling modules connected in series by a sheet of flexible polymer. 

* - 

FIG. 78 is a perspective view of a single sampling module of the sampling 
module belt of FIG. 59/ 

FIG. 79. is a bottom view of a section of the flexible polymer sheet of the 
sampling ropdnle of FIG. 78 illustrating tbe flexible conductors and contact points 
deposited on the bottom surface of the' flexible polymer sheet. 

FIG. 80 is a perspective view of the body portion of the sampling module of 
FIG. 77 without the flexible polymer cover sheet or lancet 

FIG. 81 is an enlarged portion of the body portion of the sampling module of 

* 

FIG. 80 illustrating the input port, sample How channel, analytical region, lancet channel 
and lancet guides of the sampling module. 

FIG. 82 is an enlarged elevational view of a portion of an alternative embodiment 
of a sampling module having a plurality of small volume analytical regions. 

FIG. 83 is a perspective view of a body portion of a lancet module that can 
house and guide a lancet without sampling or analytical functions. 

FIG. 84 is an elevational view of a drive coupler having a T-slot configured to 
accept a drive head of a lancet. 

FIG. 85 is an elevational view of the drive coupler of FIG. 84 from the side arid 

" * • * . '■ . . ■ . ■ 

iDustraling the guide ramps of the drive coupler. 

FIG. 86 is a perspective view of the drive coupler of FIG. 84 with a lancet being 
loaded into the T-slot of the drive coupler: 

FIG. 87 is a perspective view of the drive coupler of FIG r 86 with the drive head 
of the lancet completely loaded into the T-slot of the drive coupler. 



5 
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-FIG. 88 is a perspective view of a samp JW module h,h ,r , 
oi ot _ f ,. . . y* m b moauje belt disposed within thp t 

of s^ptag «jhta j, , bta "Pf «* "» I***, 

,~ « ^ ^ ^* *~ »- -o. 

gured to accept the ^shaped drive head of the lancet tW a- 
slot. : V ■ ncad ,oade d m the lateral 

HG, 92 is an exploded view of the drive coupler, lancet with T \ 
head and lancet module of FIG. 91: ^ . 

FIG. 93 is a perspective view of the. fi™i „r- , 

distalQKlofaconhblJ , . ° fthefh>nt ° f a Wt cartridge coupled to the 
01 a "tolled electromagnetic driver. 

m * « an elevational front view of the lancet cartridge of Fia 93 
95 JS a top view of the lancet cartridge of FIG 93 

of the cartridge bodv and la™.* . h a portl0D 

i-JGS. 102-106 illustrate an embodiment of a cartri,W r 

^ ""^ 10 CM "™1 fte lance,-, , e p,h of praeMioa 
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Displacement velocity profiles for both spring driven and cam driven tissue 
penetration devices are shown in FIG. 1 and 2, respectively* Velocity is plotted against 
displacement X of the lancet; FIG. 1 represents a displacement/velocity profile typical 
of spring driven devices. The lancet exit velocity increases until the lancet hits the 
surface of the skin 10. Because of the tensile characteristics of the skin, it will bend or 
deform until the lancet tip cuts the surface 20, the lancet will then penetrate the skin 
until it reaches a full stop 30. At this point displacement is maximal and reaches a limit 
of penetration and the lancet stops. Mechanical stops absorb excess energy from the 

* ■ * 

driver and transfer it to the lancet. The energy stored in the spring can cause recoil 
resulting in multiple piercing as seen by the coiled profile in FIG. L This results in 
unnecessary pain from the additional tissue penetration as well as from transferring 
vibratory energy into the skin and exciting nerve endings. Retraction of the lancet then 
occurs and the lancet exits the skin 40 to return into the housing. Velocity cannot be 

controlled in any meaningful way for this type of spring-powered driver. 

. ■ ■ ' ... . ■ ■ •■ 

FIG. 2 shows a displacement/velocity profile for a cam driven driver, which is 
similar to that of FIG. 1, but because the return path is specified in the. cam 
configuration, there is no possibility of multiple tissue penetrations from one actuation. 
Cam based drivers can offer some level of control of lancet velocity vs. displacement, 
but not enough to achieve many desirable displacement/velocity profiles. 

Advantages are achieved by utilizing a controllable force driver to drive a lancet, 
such as a driver, powered by electromagnetic energy. A controllable driver Can achieve 

a desired velocity versus position profile, such as that shown in FIG. 3. Embodiments 

* ■ 

of the present invention allow for the ability to accurately control depth of penetration, 
to control lancet penetration and withdrawal . velocity, and therefore reduce the pain 
perceived when cutting into the skin. Embodiments of the invention include a 
controllable driver that can be used with a feedback loop with a position sensor to 
control the power delivered to the lancet, which can optimize the velocity and 
displacement profile to compensate for variations in skin thickness 

Pain reduction can be achieved by using a rapid lancet cutting speed, which is 
facilitated by the use of a lightweight lancet. The rapid cutting miriimizes the shock 
waves produced when the Jancet strikes the skin in addition to compressing the skin for 
efficient cutting. If a controllable driver is iised, the need for a mechanical stop can be 
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* \ * 

eliminated. Due to the very hghtmass of the lancet and lack of a mechanical stop, there 
is little or no vibrational energy transferred to the finger during cutting. 

The lancing devices such as those whose velocity versus position profiles are 
shown i„ FIGS. 1 and 2 typically yield 50% spontaneous blood. In addition some 
lancing events are unsuccessful and yield no blood, even on milking the finger A 
spontaneous blood droplet generation is dependent on reaching the blood capillaries and 
venuoles, which- yield the blood sample. It is therefore an issue of correct depth of 
penetration of the cutting device. Due to variations in skin thickness and hydration, 
some types of skin will deform more before cutting starts, and hence the actual depth 
of penetration will be less, resulting in less capillaries and venuoles cut. A controllable 
force driver can control the depth of penetration of a lancet and hence improve the 
spontaneity of Wood yield. Furthermore, the use of a controllable force driver can allow 
for slow retraction of the lancet (slower than the cutting velocity) resulting ^improved 
success rale due to the would channel remaining open for the free passage of blood to 
the surface of the skin. 

- 

Spontaneous blood I yield occurs when blood from the cut vessels flow up the 
wound tract to the surface of the skin, where it can be collected and tested. Tissue 
elasticity parameters may force the wound tract to close behind the retracting lancet 
preventing the blood from reaching the surface. If however, the lancet were to be 
withdrawn slowly from the wound tract, thus keeping the wound open, blood could flow 
up the patent channel behind the tip of the lancet as it is being withdrawn (ref. FIGS. 
10 and I I). Hence the ability to control the lancet speed into and out of the wound 
allows the device to compensate for changes in skin thickness and variations in skin 

hydration and thereby achieves spontaneous blood yield with maximum success rate 

while mmimizing pain. 

An electromagnetic driver can be coupled directly to the lancet ininimizing the 
™ass of the lancet and allowing the driver to bring the lancet to a stop at a 
predetemnned . depth wi.bont the use of a mechanical stop. Alternatively, if a 
mechanical stop is requned for positive positioning, the energy transferred to the stop 
can be ndnhnized. The electromagnetic driver allows programmabk control over the 
velocity vs. position profile of the entire lancing process including timing the start of the 
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lancet, tracking the lancet position, measuring the lancet velocity, controlling the distaj 
stop acceleration, and controlling the skin penetration depth. 

* . * 

Referring to FIG- 4, an embodiment of a tissue penetration device is shown. The 
tissue penetration device includes a controllable force driver in the form of an 
electromagnetic driver, which can be used to drive a lancet The term Lancet, as used 
herein, generally includes any sharp or blunt member, preferably having a relatively low 
mass, used to puncture the skin for the purpose of cutting blood vessels and allowing 

* - * 

blood to flow to the surface of the skin. The term Electromagnetic driver, as used 
herein, generally includes any device that moves or drives a tissue penetrating element, 
such as a lancet under an electrically or magnetically induced force. FIG. 4 is a partially 
exploded view of an embodiment of an electromagnetic driver The top half of the 

■ * * ■ • 

driver is shown assembled. The bottom half of the driver is shown exploded for 

■ * • ■ - . ■ 

illustrative purposes. 

FIG. 4 shows the inner insulating housing 22 separated from the stationary 

housing or PC board 20, and the lancet 24 and flag 26 assembly separated from the 

: . • 

inner insulating housing 22 for illustrative purposes. In addition, only four rivets 18 are 

- ■ 

shown as attached to the inner insulating housing 22 and separated from the PC board 
20. Jn an embodiment, each coil drive field core in the PC board located in the PC 
Board 20 and 30 is connected to the inner insulating housing 22 and 32 with rivets. 

The electromagnetic driver has a moving part comprising a lancet assembly with 
a lancet 24 and a magnetically permeable flag 26 attached at the proximal or drive end 
and a stationary part comprising a stationary housing assembly with electric field coils 
arranged so that they produce a balanced field at the flag to reduce or eliminate any net 
lateral force on the flag. The electric field coils are generally one or more metal coils, 
which generate a magnetic field when electric current passes through the coil. The iron 

* 

flag is a flat or enlarged piece of magnetic material, which increases the surface area of 
the lancet assembly to enhance the magnetic forces generated between the proximal end 
of the lancet and a magnetic field produced by the field coils. The combined mass of 
the lancet and the iron flag can be minimized to facilitate rapid acceleration for 
introduction into the skin of a patient, to reduce the impact when the lancet stops in the 
skin, and to facilitate prompt velocity profile changes throughout the sampling cycle. 
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board for good magnetic coupling, 

^ Rivets 18 connect the lower inner insulating ho^g 22 to tie W station^ 
housmg 20 and are made of magnetically permeable materia, such as ferrite or steel 
whKh serves to concentrate the magnetic fie*. This mirrors the CO nstmction of the 
jper mne, gating bousing 32 and upper stationary housing 30. ^ rivets fonn 
*e poles of the elecfri c field * ^ e PC board is fabricated with muKpJe layers of 
-l,o ^multiple boards. Each layer supports spira, . ace. around a c OTtal hoK 
Alternate layers spiral from the center outwards or from the edges inward. In this way 
each ,ayer connects via simple feed-through holes, and the current always travels in the 
same direction, semiring the ampere-tums. 

The PC boards within ihe lower and upper stationary housings 20 and 30 are 
connectedtothelowerand » — i^ta^^^,^^.;, 
The lower and upper inner insulating housings 22 and 32 expose the rive, heads on 
oppose ends of the slot where the .ancet assembly ,, and 26 bavels. Tne mastic 
,eld hues from each rivet create magnetic poles a, me rivet head, An iron bar on the 
oppose srde of the PC board wimin each of the lower and upper stationary housing 20 
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and 30 completes the magnetic circuit by connecting the rivets. Any fastener made of 
magnetically permeable material such as iron or steel can be used In place of the rivets. 
A single component made of magnetically permeable material and formed in a horseshoe 
shape can be used in place of the rivet/screw and iron bar assembly. In operation, the 
magnetically permeable flag 26 attached to the lancet 24 is divided into slits and.bars 
34. The slit patterns are staggered so that coils can drive the flag 26 in two, three or 
more phases. 

Both lower "and upper PC boards 20 and 30 contain drive coils so that there is 
a symmetrical magnetic field above and below the flag 26. When the pair of PC boards 
is turned on, a magnetic field is established around the bars between the. slits of the 
magnetically permeable iron on the flag 26. The bars of the flag experience a force that 
tends to move the magnetically permeable material to a position nunimizing the number 
and length of magnetic field lines and conducting the magnetic field lines between the 
magnetic poles. 

When a bar of the flag 26 is centered between the rivets 1 8 of a magnetic pole, 
there is no net force on the flag, and any disturbing force is resisted by imbalance in the 
field. This embodiment of the device operates on a principle similar to that of a 
solenoid. Solenoids cannot push by repelling iron; they can only pull by attracting the 
iron into a niinimum energy position. The slits 34 on one side of the flag 26 are offset 
with respect to the other side by approximately one half of the pitch of the poles. By 
alternately activating the coils on each side of the PC board, the lancet assembly can be 
moved with respect to the stationary housing assembly. The direction of travel . is 
established by selectively energizing the coils adjacent the metal flag on the lancet 
assembly. Alternatively, a three phase, three-pole design or a shading coil that is offset 
by one-quarter pitch establishes the direction of travel. The lower and upper PC boards 
20 and 30 shown in FIG. 4 contain electric field coils, which drive the lancet assembly 
and the circuitry for controlling the entire electromagnetic driver. 

The embodiment described above generally uses the principles of a magnetic 
attraction drive, similar to commonly available circular stepper motors (Hurst 
Manufacturing BA Series motor, or "Electrical Engineering Handbook" Second edition 
p 1472-1474, 1997). These references are hereby incorporated by reference. Other 
embodiments can include a linear induction drive that uses a changing magnetic field to 
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^ a, a. eoi,, By controlling Ibe ,„e of sweep, and by geoe^g „,,,„„ roCTps 
the flag can be moved at a desired speed. 

FIG. 5 shows another embodiment of a solenoid type electromagnetic driver that 
» capable of driving an iron core or slog mounted to the lancet assembly using a direct 
current (DC) power suppfy. The electromagnetic driver includes a driver coil pack mat 

't iDt0 *"» «* *»* *» ** of 0* lancet, two end coils and a 

-ddle cod. Direct current is a.ternated to the coils to advance and retract the lancet 
Although me driver coil pack is shown with three coils, any suitable number of coils 
may be used, for example, 4, 5, 6, 7 or more coils may be used. 

is flanked by iron spacers 50 which concentrate the magnetic flux at the inner diameter " 
-earn* magnetic poles. The inner insulating housing 48 isolates the lance, 42 and iron 
core 46 from the coils and provides a smooth, low friction guide surface. The lancet 
gu.de 44 further centers the ,ance, 42 and uon core 46. The lance, 42 is protracted and 
retracted by^a.mg the cnrrenl between , he ^ ^ ^ ^ ^ ^ ^ 

«huu cod .o attract the uon core 46. Reversmg the cofl seouence and attracting ,he core - 
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and lancet back into the housing retracts Ihe lancet. The lancet guide 44 also serves as 

* 

a stop for the iron core 46 mounted to the lancet 42. 

As discussed above, tissue penetration devices which employ spring or cam 
driving methods have a symmetrical or nearly symmetrical actuation displacement and 
velocity profiles on the advancement and retraction of the lancet as shown in FIGS; 6 
and 7. In most of the available lancet devices, once the launch is initiated, the stored 
energy determines the velocity profile until the energy is dissipated Controlling impact, 
retraction velocity, and dwell time of the lancet within the tissue can be useful in order 
to achieve a high success rate while accommodating variations in skin properties and 
minimize pain. Advantages can be achieved by taking into account that tissue dwell 
time is related to the amount of skin deformation as the lancet tries to puncture the 
surface of the skin and variance in skin deformation from patient to patient based on 

* * 

skin hydration. 

The ability to control velocity and depth of penetration can be achieved by use 
of a controllable force driver where feedback is an integral part of driver control. Such 
drivers can control either metal or polymeric lancets or any other type of tissue 
penetration element: The dynamic control of such a driver is illustrated in FIG. 8 which 
illustrates an embodiment of a controlled displacement profile and FIG. ? which 
illustrates an embodiment of a the controlled velocity profile. These are compared to 
FIGS. 6 and 7, which illustrate embodiments of displacement and velocity profiles, 
respectively, of a harmonic spring/mass powered driver , 

Reduced pain can be achieved by using impact velocities of greater than 2 m/s 
entry of a tissue penetrating element, such as a lancet, into tissue. 

Retraction of the lancet at a low velocity following the sectioning of the 
venuole/capillary mesh allows the biopd to flood the wound tract and flow freely to the 
surface, thus using the lancet to keep the channel open during retraction as shown m 
FIGS. 10 and 1 1 . Low-velocity retraction of the lancet near the wound flap prevents 
the wound flap from sealing off the channel. Thus, the ability to slow the lancet 
retraction directly contributes to increasing the success rate of obtaining blood. 
Increasing the sampling success rate to near 100% can be important to the combination 
of sampling and acquisition into an integrated sampling module such as an integrated 
glucose-sarnpling module, which incorporates a glucose test strip. 
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- Referring again , 0 FIG. 5, the lancet and lancet driver are configured so that 
feedback control is based on lance, displacement, velocity, or acceleration The 
feedback control mformation relating to the actnal lancet path is returned to a processor 
such as that illustrated in FIG. 12 that regulates the energy to the driver, thereby 
precsejy controlling the lane,, throughout .its advancement and retraction. The driver 
^ beJriVeDby ekcWc ^ which includes direct current and alternating current. 

• * * . ■ 

- - - * 

■ » 

In FIG. 5, the electromagnetic driver shown is capable of driving an iron core 
or slug mounted to the lancet assembly using a direct current (DC) power suppjy and 
is also capable of determining the position of me iron core by measuring magnetic 
couplmg between the core and the coils. The coils can be used in pairs to draw the iron 
core into me driver coil pack. As one of the coils is switched on, the. corresponding 
mduced current in the adjacent coil can be monitored. The strength of this induced 
current ,s related to the degree of magnetic coupling provided by the iron core and can 
be used to infer the position of the core and hence, the relative position of the lancet. 

After a period of time, the drive voltage can be turned off, allowing the coils to 
reIax,andmenthecyclei S repeated. The degree of magnetic coupling between the coils 
>s converted electronicalty to a proportional DC voltage that is supplied to an analog-to- 
drgrtal converter. The digitized position signal is then ^ processed and compared to a 
desrred "nommal" position by a central processing unit (CPU). The CPU to set the level 
and/or length of the next power pulse to the solenoid coils uses error between the actual 
and nominal positions. 

* * * 

In another embodiment, the driver coil pack has three coils consisting of a central 
dnvmg coil flanked by balanced detection coils built into the driver assembly so mat 
they surround an actuation or magnetically active region with the region centered on the 
noddle cod at mid-stroke. When a current pulse is applied to the central coil, voltages 
are mduced m the adjacent sense coils. If the sense coils are connected together so that 
■hen mduced voltages oppose each other, the resulting signal will be positive for 
deJlecuon from mid-stroke in one direction, negative m the other direction, and zero a. 
mrd-stroke. This measuring technique is commonly used in Linear Variable Differential 
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Transformers (LVDT), Lancet position is determined by measuring the electrical 
balance between the two sensing coils. 

In another embodiment, a feedback loop can use a commerdatiy available 
»■ * - '. 

LED/photo transducer module such as the OPB703 manufactured by Optek Technology, 

Inc., 1215 W; Crosby Road, Carrollton, Texas, 75006 to determine the distance from the 
fixed module on the stationary housing to a reflective surface or target mounted on the 
lancet assembly: The LED acts as a light emitter to send light beams to the reflective 
surface, which in turn reflects the light back to the photo transducer, which acts as a 
light sensor. Distances over the range of 4 mm or so are determined by measuring the 
intensity of the reflected light by the photo transducer. In another embodiment, a 
feedback loop can use a magnetically permeable region on the lancet shaft itself as the 
core of a Linear Variable Differential Transformer (LVDT). 

A permeable region created by selectively annealing a portion of the lancet shaft, 
or by including a component in the lancet assembly, such as ferrite, with sufficient 
magnetic permeability to allow coupling between adjacent sensing coils. Coil size, 
number of windings, /drive current, signal amplification, and air gap to the permeable 
region are specified in the design process. In another, embodiment, the feedback control 
supplies a piezoelectric driver, superimposing a high frequency oscillation on the basic 
displacement profile. The piezoelectric driver provides improved cutting efficiency and 
reduces pain by allowing the lancet to "saw" its way into the tissue or to destroy cells 

■ ■ * - 

with cavitation energy generated by the high frequency of vibration of the advancing 
edge of the jancet. The drive power to the piezoelectric driver is monitored for an 

♦ 

impedance shift as the device interacts with the target tissue. The resulting force 
measurement, coupled with the known mass of the lancet is used to determine lancet 

acceleration, velocity, and position. 

FIG. 12 illustrates the operation of a feedback loop using a processor. The 
processor 60 stores profiles 62 in non-volatile memory. A user inputs information 64 
about the desired circumstances or parameters for a lancing event. The processor 60 
selects a driver profile 62 from a set of alternative driver profiles that have been 
preprogrammed in the processor 60 based on typical or desired tissue penetration device 
performance determined through testing at the factory or as programmed in by the 
operator. The processor 60 may customize by either scaling or modifying the profile 
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is to either change to a different profile or modify an existing profile. Once the profile 
is set the force driving the lancet is varied during advancement and retraction to follow 
the profile. The method of lancing using the lancmg device comprises selecting a 
profile, lancing according to the selected profile, detemwring lancing profile traits for 
each characteristic phase of the lancing cycle, and optimizing profile traits for 

subsequent lancing events. 

FIG 1 3 shows an embodiment of the characteristic phases of lancet advancement 
and Tetraction on a ^raph of force versus time illustrating the force exerted by the lancet 
driver on the lancet to achieve the desired displacement and velocity profile. The 
characteristic phases are the . lancet introduction phase AC where the lancet is 
longitudinally advanced into the skin, the lancet rest phase D where the lancet terminates 
its longitudinal movement reaching its maximum . depth and becoming relatively 

stationary, and the lancet retraction phase E-G where the lancet is longitudinally 

* 

retracted out of the skin. The duration of the lancet retraction phase E-G is longer than 

the duration of the lancet introduction phase A-C, which in turn is longer than the 

■ 

duration of the lancet rest phase D. 

The introduction phase further comprises a lancet launch pfrase prior to A when 
the lancet is longitudinally moving through air toward the skin, a tissue contact phase 
at the beginning of A when the distal end of the lancet makes initial contact with the 
skin, a tissue deformation phase A when the skin bends depending on its elastic 
properties which are related to hydration and thickness, a tissue lancing phase which 
comprises when the lancet hits the inflection point on the skin and begins to cut the skin 
B and the lancet continues cutting the skin C. The lancet rest phase D is the limit of 
the penetration of the lancet into the skin. Pain is reduced by minimizing the duration 
of the lancet introduction phase A r C so that there is a fast incision to a certain 
penetration depth regardless of the duration of the deformation phase A and inflection 
point cutting B which will vary from user to user. Success rate is increased by 
measuring the exact depth of penetration from inflection point B to the limit of 
penetration in the lancet rest phase D. This measurement allows the lancet to always, 
or at least* reliably, hit the capillary beds which are a known distance underneath the 
surface of the skin. 
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- fa addition to slow retraction of a tissne-penetrating element in order to. hold the 
wound open to allow blood to escape to the skin surface, other methods are 
contemplated. FIG. 18 shows the use of an embodiment of the invention, wfcch 
includes a retractable coil on the lancet tip, A coiled helix or tnbe 140 is attached 
externally to lancet 116 with the freedom to slide such that when the lancet penetrates 
the skin 150 the helix or tube 140 follows the trajectory of the lancet 116. The helix 
begins the lancing cycle coiled -around the facets and shaft of the lancet 144. As the 
lancet penetrates the skin, the helix braces the wound tract around the lancet 146. As 
the lancet retracts,the helix remains to brace open the wonnd tract, keeping the wound 
tract from collapsing and keeping the surface skin flap from closing 148. This allows 
blood 152 to pool and flow up the channel to the surface of the skin, The helix is then 
retracted as the lancet pulls the helix to the point where the helix is decompressed to the 
ppini where the diameter of the helix becomes less than the diameter of the wound tract 

and becomes dislodged from the skin. 

The tube or helix 140 is made of wire or metal of the type commonly used m 
angioplasty stents such as stainles* steel, nickel titanium alloy or the Kke. Alternatively 
the tube or helix 140 or a ring can be made of a biodegradable material, which braces 
,he wound tract by becoming lodged in the skin. Biodegradation is completed wrthm 
seconds or minutes of insertion, allowing adequate time for blood to pool and flow up 
the wound tract. Biodegradation is activated by heat, moisture, or P H from the skm. 

Alternatively, the wound could be held open by coating the lancet with a powder 
or other granular substance. The powder coats the wound tract and keeps it open when 
,he lancet is withdrawn! The powder or other granular substanc* can be a coarse bed 
of microspheres or capsu.es which hold the channel open while allowing blood to flow 

through the porous interstices. • . . 

I^om* embodiment the wound c 6 
ou ,er par, in the shape of a "IT and the inner part filling the «U.» After creating the 
wound the inner needle is withdrawn leaving an open channel, rather like the plugs that 
are commonly used for withdrawing sap from maple trees. 

Fib 19 shows a further embodiment of a method and device for facing. 
Wood now utilizing an elastomer to coa, ,he wound. Tins method uses an elastomer 
,54 such as silicon rubber, to coa, or brace the wound tract 156 by covermg and 
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* A magnetic member 202 is secured to the elongate coupler shaft 1 84 proximal 
of the drive coupler 1 85 on a distal portion 203 of the elongate coupler shaft 1 84. The 

* 

magnetic member 202 is a substantially cylindrical piece of magnetic material having 
an axial lumen 204 extending the length of the magnetic member 202. The magnetic 
member 202 has an outer transverse dimension that allows the magnetic member 2X)2 to 

• ■ • * . ■ 

slide easily within an axial lumen 205 of a low friction, possibly lubricious, polymer 
guide tube 205' disposed within the driver coil pack 188. The magnetic member 202 
may have an outer hansverse dimension of about 1.0 to about 5.0 mm, specifically, 

• * * * * 

about 2.3 to about 2.5 mm. The magnetic member 202' may have a length of about 3.0 
to about 5.0 mm, specifically, about 4.7 to about 4.9 mm. The magnetic member 202 
can be made from a variety of magnetic materials including ferrous metals such as 
ferrous steel, iron, ferrite, or the like. The magnetic member 202 may be secured to the 
distal portion 203 of the elongate coupler shaft 184 by a variety of methods -including 
adhesive or epoxy bonding, welding, crimping or any other suitable method. 

Proximal of the magnetic member 202, an optical encoder flag 206 is secured to 
the elongate coupler shaft 184. The optical encoder flag 206 is configured to move 
within a slot 207 in the position sensor 191. Theslot207 of the position sensor 191 is 
formed between a first body portion 208 and a second body portion 209 of the position 
sensor 191. The slot 207 may have separation width of about 1.5 to about 2 : 0 mm. The 
optical encoder flag 206 can have a length of about 14 to about 18 mm, a width of 
about 3 to about 5 mm and a thickness of about 0.04 to about 0.06 mm. 

The optical encoder flag 206 interacts with various optical beams generated by 
LEDs disposed on or in the position sensor body portions . 208 and 209 in a 
predetermined manner. The interaction of the optical beams generated by the LEDs of 
the position sensor 191 generates a signal that indicates the longitudinal position of the 
optical flag 206 relative to the position sensor 191 with a substantially high degree of 
resolution. The resolution of the position sensor 191 may be about 200 to about 400 
cycles per inch, specifically, about 350 to about 370 cycles per inch. The position 
sensor 191 may have a speed response, time (position/time resolution) of 0 to about 
120,000 Hi, where one dark and light stripe of the flag constitutes one Hertz, or cycle 
per second. The position of the optical encoder flag 206 relative to the magnetic member 
202, driver coil pack 188 and position sensor 191 is such that the optical encoder 191 
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can provide precise position 
the Jancet's power stroke. 

An optical encoder that is suitable for the position sensor 191 is a linear optical 
incremental encoder, model HEDS 9200, manufactured by Agilent Technologies. The 
mode, HEDS 9200 may have a length of about 20 to about 30 mm, a width of about 8 
to about 12 nun, and a height of about 9 to about 11 nun.: Although the position sensor 
191 dlustrated is a linear optical incremental encoder, other suitable position sense* 
embodaments could be used, provided they posses the requisite positional resolution and 
hme response. The HEDS 9200 is a two channel device where the channels are 90 
degrees.out of phase with each other. This results in a resolution of four times the basic 
cycle of the flog These quadrature Outputs make it possible for the processor to 
determme the direction of lancet travel. Other suitable position sensors include capacitive 
encoders, analog reflective sensors, such as the reflective position sensor discussed . 
above, and the like. 

A coupler shaft guide 211 is disposed towards the proximal end 181 of the 
: lancing device 180. The guide 211 has a guide lumen 212 disposed in the gnide 211 -. 
to shdingfy accept the proximal portion 192 of the elongate coupler shaft 184. The 
guide 211 keeps the elongate coupler shaft 184 centered horizontally and vertically i„ 
the slot 202 of the optical encoder 191. 

The driver coilpack 188,position sensor 191 and coupler shaft guide 211 areall 
secured to a base 213. The base 213 is longitudinally coextensive with the driver coil 
pack 188, position sensor 191 and coupler shaft gnide 211. The base 213 can take the 
form of a rectangnlar piece of metal or polymer, or may be a more elaborate housing . 
with recesses, which are configured to accept the various components of the lancing 
device 180. 

As discussed above, the magnetic member 202 is configured to slide within an 
ax )a l hmren 205 of the driver coil pack 188. The driver coil pack 188 includes a most 
d.stal first coil 214, a second coil 215, which is axially disposed between the fi IS , coil 
214 and a third coil 216, and a proximal-most fourth coil 217. Each of the first coil 
214, second^] 215, third coil 216 and fourth coil 217 has an axial lumen. The axial 
lumens of Ore firs, through fourth coils are configured to be coaxial with the a*ral 
lumens of the other cods and together fonn the axial hrmen 205 of the driver coil pack 
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188asawhole. -^l^-m***^^***^^"^ 
218 that augments completion of the magnetic circuit of the coils 214-217 during a 
lancing cycle ofthe device 180. The magnetic washers 218 of the embodiment of FIG. 
21 are made of ferrous steel but could be made of any other suitable magnetic material, 
suchasiron or ferrite. the outer shell 189 of the driver coil pack 188 is also made of 
ixon or steel to complete the magnetic path around the coils and between the washers 
218! The magnetic washers 218 have an outer diameter commensurate with an outer 
diameter of the driver coil pack 188 of about 4.6 to about 8.0 mm. The magnetic 
washers 218 have an axial thickness of about 0.05, to about 0.4 mm, specifically, about 
0.15 to about 0:25 mm. 

" • ■ Wrapping or winding an elongate electrical conductor 221 about an axial lumen 
until a sufficient number of windings have been achieved forms the coils 214-217. The 
elongate electrical conductor 221 is generally an insulated solid copper wire with a small 
outer transverse dimension of about 0.06 mm to about 0.88 mm, specifically, about 0.3 
mm to about 0.5 mm. In one embodiment, 32 gauge copper wire is used for the coils 
214-217. The number of windings for each of the coils 214-217 of the driver pack 188 
may vary with the size ofthe coil, but for some embodiments each coil 214-217 may 
have about 30 to about 80 rums, specifically, about 50 to about 60 turns. Each co,l 
214-217 can havean axial length of about 1.0 to about 3.0 mm, specifically, about 1.8 
to about 2.0 mm. Each coil 214-217 can have an outer transverse dimension or 
diameter of about 4.0, to about 2.0 mm, specifically, about 9.0 to about 12.0 mm. The 
axial lumen 205 can have a transverse dimension of about 1.0 to about 3.0 mm. 

It may be advantageous in some driver coil 188 embodiments to replace one or 
more of the coils with permanent magnets, which produce a magnetic field similar to 
mat of the coils when the coils are activated. In particular, it may be desirable in some 
embodiments to replace the second coil 215, the th|rd coil 216 or both with permanent 
magnets. In addition, it may be advantageous to position a permanent magnet at or near 
the proximal end ofthe coil driver pack in order to provide fixed magnet zeroing 
function for the magnetic member (Adams magnetic Products 23A0002 flexmle magnet 

material (l00) 747 T 7543). 

FIGS. 20 and 21 show a permanent bar magnet 219 disposed on the proximal 
end of the driver coil pack 188. As shown in FIG. 21, the bar magnet 219 is arranged 
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the disc magnet 219' can be configured to allow the elongate coupler shaft 184 to pass 
through but not large enough for the magnetic member 202 to pass through. This results 
in the magnetic member 202 being attracted to the disc magnet 219' and coming to rest 
with the proximal surface of the magnetic member 202 against a distal surface of the 
disc magnet 219*. This arrangement provides for a positive arid repeatable stop for the 
magnetic member, and hence the lancet A similar configuration could also be used for 
the bar magnet 219 discussed above. . < v 

Typically, when the electrical current in the coils 214-217 of the driver coil pack 
188 is off, a magnetic member 202 made of soft iron is attracted to the bar magnet 219 
or disc magnet 219*. The magnetic field of the driver coil pack 188 and thebar magnet 
2 1 9 or disc magnet 219', or any other suitable magnet, can be configured such that when 
the electrical current in the coils 214-217 is turned on, the leakage magnetic field from 
the coils 214-217 has the same polarity as the bar magnet 219 or disc magnet 219'. 
This results in a magnetic force that repels the magnetic member 202 from the bar 
magnet 219 or disc magnet 219* and attracts the magnetic member 202 to the activated 
coils 214-217. For this configuration, the bar magnet 219 or disc magnet thus act to 
facilitate acceleration of the magnetic member 202 as opposed to working against the 
acceleration. 

Electrical conductors 222 couple the driver coil pack 188 with the processor 193 

_ . ■ 

which can be configured or programmed to control the current flow in the coils 214-217 
of the driver coil pack 188 based on position feedback from the position sensor 191, 
which is coupled to the processor 1 93 by electrical conductors 1 94. A power source 225 
is electrically coupled to the processor 193 and provides electrical power to operate the 
processor 193 and power the coil driver pack 188. The power source 225 may be one 
or more batteries that provide direct current power to the 193 processor. 

FIG. 23 shows a transverse cross sectional view of drive coupler 185 in more 
detail The drive head 198 of the lancet 183 is disposed within the drive coupler 185 
with a first retaining rail 226 and second retaining rail 227 capturing the drive head 198 
while allowing the drive head 198 to be inserted laterally into the drive coupler 1 85 and 
retracted laterally with minimal mechanical resistance. The drive coupler 185 may 
optionally be configured to include snap ridges 228 which allow the drive head 198 to 
be laterally inserted and retracted, but keep the drive head 198 from falling out of the 
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to the flow diagram of FIG. 29. The processor 193 can receive the programming steps 
from a program product stored in recordable media, including a direct access program 

product storage device such as a hard drive or flash ROM, a removable program product 

• •• • ■ 

storage device such as a floppy disk, or in any other manner known to those of skill in 
the art. The processor 193 can also download the programming steps through a network 
connection or serial connection. 

In the first operation, represented by the flow diagram box numbered 245 in FIG. 
29A, the processor. 193 initializes values that it. stores in memory relating to control of 
the lancet, such as variables that it uses to keep track of the controllable driver 179 
during movement. For example, the processor may set a clock value to zero and a 

' ' * - > * 

lancet position value to zero or to some other initial value. The processor 193 may also 
cause power to be removed from the coil pack 188 for a period of time, such, as for 
about 10 ms, to allow any residual flux to dissipate from the coils. • 

In the initialization operation, the processor 193 also causes the lancet to assume 

• • ■* 

an initial stationary position. When in the initial stationary position, the lancet 183 is 

• ..*.-. m ' ■ 

typically fully retracted such that the magnetic member 202 is positioned substantially 

adjacent the fourth coil 217 of the driver coil pack 188, shown in FIG. 21 above. The 

processor 193 can move the lancet 183 to the initial stationary position by pulsing an 

electrical current to the fourth coil 217 to thereby attract the magnetic member 202 on 

the lancet 183 to the fourth coil 217. Alternatively, the magnetic member can be 

positioned in the initial stationary position by virtue of a permanent magnet, such as bar 

magnet 219, disc magnet 219* or any other suitable magnet as discussed above with 

regard to the tissue penetration device illustrated in FIGS. 20 and 21. 

In the next operation, represented by the flow diagram box numbered 247, the 

processor 193 energizes one or more of the coils in the coil pack 188. This should 

cause the lancet 183 to begin to move (i.e., achieve a non-zero speed) toward the skin 

target 233. The processor 193 then determines whether or not the lancet is indeed 

moving, as represented by the decision box numbered 249. The processor 193 can 

determine whether the lancet 1 83 is moving by monitoring the position of the lancet 1 83 

» * • 
* ■ * * . 

to deteimine whether the position changes over time. The processor 193 can monitor 
, the position of the lancet 1 83 by keeping track of ihe position of the optical encoder flag 
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206 secured to the elongate coupler shaft 184 wherein the encoder 191 produces a-signal 
coupled to the processor 193 that indicates the spatial position of the lancet 183 

If Ihe processor 193 detennines (via timeont without motion events) that the 
lancet 183 is not moving (a Tfcr result from the decision box 249), then the proce^ 
proceeds to the operation represented by the flow diagram box numbered 253, where the 
processor deems that an error condition is present. ms means ^ w ^ ^ 
system 1S causing the lancet 183 not to move. The error may be mechanical, electrical 
or software related. For example, the lancet 183 may he stuck in the stationary position 
because something is impeding its movement. 

* 

If the processor 193 determines that the lancet 183 is indeed moving (a "Yes" 
result from the decision box numbered 249), then the process proceeds to the operation 
represented by the flow diagram box numbered 257. In this operation, the processor 193 
causes the lancet 183 to continue to accelerate and launch toward the skin target 233 
as indicated by the arrow 235 in FIG. 30. .The processor.193 «m achieve acceleration' 
of the lancet 183 by sending an electrical current to an appropriate coil 214-21 7 such 
that the coil 214-217 exerts an attractive magnetic launching force on the magnetic 
member 202 and causes the magnetic member 202 and the lancet'l83 coupled thereto 
to move in a desired direction. For example, the processor 193 can cause an electrical 
current to be sent to the third coil 216 so that the third coil 216 attracts the magnetic 
member 202 and causes themagnetic member 202 to move from a position adjacent the 
fourth coil 217 toward the third coil 216. The process preferably determines which 
coil 214-217 should be used to attract the magnetic member 202 based on the position 
of the magnetic member 202 relative to the coils 214-21 7. In this manner, the processor 
193 proves a controlled force to the lancet that controls the movement of the lancet. 

During this operation, the processor 193 periodically or continually monitors the 
position and/or velocity of the lancet 183. In keeping track of the velocity and position 
of the lance, 183 as the lancet 183 moves towards the patient's skin 233 or other tissue 
the processor 193 also monitors and adjusts the electrical current to the coils 214-217 
In some embodiments, the processor 193 applies current to an appropriate coil 2141217 
such that tile .ance.183 continues to move according to a desired direction and 
acceleration. In the instant case, the processor 193 applies current to the appropriate coil 
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214-217 that will cause the lancet 183 to continue to move in the direction of the 
patients skin 233 or other tissue to be penetrated. 

The processor 193 may successively transition the current between coils 214-217 
so that as the magnetic member 202 moves past a particular coil 214-217, the processor 
193 then shuts off current to that coil 214-217 and then applies current to another coil 
214-217 that will attract the magnetic member 202 and cause the magnetic member 202 
to continue to move in the desired direction. In transitioning current between the coils 
214-217, the processor 193 can take into account various factors, including the speed of 
the lancet 183, the position of the lancet 183 relative to the coils 214-217, the number 
of coils 214-217, and the level of current to be applied to the coils 214-217 to achieve 
a desired speed or acceleration. . 

In the next operation, the processor 193 determines whether the cutting or distal 
end tip 1 96 of the lancet 1 83 has contacted the patient's skin 233, as shown in FIG. 3 1 
and as represented, by the decision box numbered 265 in Fia 29B. The processor 1 93 
may determine whether the lancet 183 has made contact with the target tissue 233 by 
a variety of methods, including some that rely on parameters which are measured prior 
to initiation of a lancing cycle and other methods that are adaptable to use during a 
lancing cycle without any predetermined parameters. 

In one embodiment, the processor 193 determines that the skin has been 
contacted when the end tip 196 of the lancet 183 has moved a predetermined distance 
with respect to its initial position. If the distance from the tip 961 of the lancet 183 to 
the target tissue 233 is known prior to initiation of lancet 183 movement, the initial 
position of the lancet 183 is fixed and known, and the movement and position of the 
lancet 1 83 can be accurately measured during a lancing cycle; then the position and time 

* 

of lancet contact can be determined. 

This method requires an accurate measurement of the distance between the lancet 
tip 196 and the patient's skin 233 when the lancet 183 is in the zero time or initial 
position. This can be accomplished in a number of ways. One way is to control all of 
the mechanical parameters that influence the distance from the lancet tip 196 to the 
patient's tissue or a surface of the lancing device 180 that will contact the patient's skin 
233. This could include the start position of the magnetic member 202, magnetic path 
tolerance, magnetic member 202 dimensions, driver coil pack 1 88 location within the 
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tog device 180 n a whole, length pf the elongate coupling shaft , Hplacenaent of 

the magnetic member 202 on the elongate coupling shaft ,84, length of the lance, ,83 
etc. 

If all these parameters, as we,, as others can be suitab,y centred m 
manufacturing with a tolerance stack-up that is acceptable, then the distance from fte 
ance, tip , 96 to * e target tW ^ _ fe ^ fc ^ 

the tog device , 80. The distance could then be programed into the memory of the 
processor ,93. If an adjustab,e feature is added to the ,ancing device ,80, such as an 
adjure length elongate coupling shaft , 84, this can accommodate variations in a„ of 
the parameters noted above, except length of the lance, ,831 An electronic alternative 
to flns mechanica, approach would be to cahbrate a stored memory contact point into 
the memory of the processor ,93 during manufacture based on the mechanical 
parameters described above. 

In another embodiment, moving the Jancet tip ,96 to the target tissue 233 verv 
slowfy and gentry touching the skin 233 prior to actuation can accomplish the distance 
from the ,ance, tip i96 to the tW 233 . ^ ^ ^ ^ ^ 

•he Stance to the initialization point to the point of contact, where the resistance «o 
advancement of the lancet ,83 stops the lancet movement. The , ance, ,83 is then 
retracted to the initiahzation point having measured the distance to the target tissue 233 
without creating any discomfort to Ihe user. 

bi another embodiment, the processor 193 may use software to determine 
whedaer the lancet 183 has made contact with the patient's skin 233 by measuring f or 
a sudden reduction in velocity of the lancet ,83 due to friction or resistance imposed oh 
.he,ancet 1 83bymepa,ient'sskin 2 33. Theop^^^^^^^, 
of the lance, ,83. The position output data provides input to the interrupt input of the 
processor ,93 r The processor ,93 also has a. timer capable of measuring the time 
enveen interrupt, The Stance betweefl mtemlpls . is ^ for ^ ^ ^ 

' S ° **** 01 ^ - ^ calculated by dividing the distance between 

interrupts by the time between the interrupts. 

ThWthod requires mat ve,ocity,osses to the lancet ,83 and Congate coupler 
84 assemb,y due to ftiction are known to an acceptabte leve, so that these ve,ocity 
losses and resuhhig decern can be accord for when establishing a deception 
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threshold above which contact between lancet tip 196 and target tissue 233 will be 
presumed. This same concept can be implemented in many ways. For example, rather 
than monitoring the velocity of the lancet 183, if the processor 193 is controlling the 
lancet driver in order to maintain a fixed velocity, the power to the driver 188 could be 
monitored. If an amount of power above a predetermined threshold is required in order 
to maintain a constant velocity, then contact between the tip of the lancet 196 and the 
skin 233 could be presumed. 

In yet another embodiment, the processor 193 deteimines skin 233 contact by the 
lancet 183 by detection of an acoustic signal produced by the tip 196 of the lancet 183 

as it strikes the patient's skin 233. Detection of the acoustic signal can be measured by 

= ■ . • • 

an acoustic detector 236 placed in contact with the patient's skin 233 adjacent a lancet 
penetration site 237, as shown in FIG. 31 . Suitable acoustic detectors 236 include piezo 

» 

electric transducers, microphones and the like. The acoustic detector 236 transmits an 

* • . - • 

electrical- signal generated by the acoustic signal to the processor 193 via electrical 
conductors 238. In another embodiment, contact of the lancet 183 with the patient's 
skin 233 can be determined by measurement of electrical continuity in a circuit that 

♦ * . * 

includes the lancet 183, the patient's finger 234 and an electrical contact pad 240 that 
is disposed on the patient's skin 233 adjacent the contact site 237 of the lancet 183, as 

■ 

shown in FIG. 31. In this embodiment, as soon as the lancet 183 contacts the patient's 
skin 233, the circuit 239 is completed and current flows through the circuit 239. 

* * * ■ » * « 

Completion of the circuit 239 can then be detected by the processor 193 to coniirm skin 
233 contact by the lancet 183. 

If the lancet 1 83 has not contacted the target skin 233, then the process proceeds 
to a timeout operation, as represented by the decision box numbered 267 in FIG. 29B. 
In the timeout operation, the processor 193 waits a predetermined time period. If the 
timeout period has not yet elapsed (a "No'- outcome from the decision box 267), then 
the processor continues to monitor whether the lancet has contacted the target skin 233. 

■ 

- 

The processor 193 preferably continues to monitor the position and speed of the lancet 
183, as well as the electrical current to the appropriate coil 214-217 to maintain the 

v • 

desired lancet 1 83 movement. 

If the timeout period elapses without the lancet 1 83 contacting the skin (a "Yes" output 
from the decision box 267), then it is deemed that the lancet 1 83 will not contact the 
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skm and the process proceeds to a withdraw phase, where the lancet is withdrawn away 
from the skin 233, as disced more felly belo*. The lancet ,83 may not baVe 
contacted the target ski » 233 for a variety of reason, such as inpatient removed fee 
S km 233 from the lancing device or if something obstructed fte Jancet m ^ 
contacting the skin. 

■ 

^processor ^3may also proc^d to fee.wifedraw phase prior tasldn c^c, 

.183, fee processor 193 may determine that fee forward acceleraUon of fee lancet 183 
towards the patient's skin 233 should be stopped or that curient to aU coUs 2,4-217 
*»**.+* dow, Tins can occur, for example, if it is determined feat the lancet • 
, 1 83 has acluevedsuffident forward velocity, but has not yet contacted the skin 233 In 
One embodiment, the average penetration Velocity of the lance, ,83 from the point of 
c^act wife t* .^ fo ^ of n^ ^ ^ ^ 

10.0 m/s, specify, about 3.8 to about 4.2 m/s. In another embodiment, the average 

P— velocity orthe lancet may be from about 2 to about 8 meters per second 

specifically, about 2 to about 4 m/s. 

- ^^--^ no ^>»d- w ^i**.^,.^ iri, fa ^u^tai 

'he lance, ,83 has fully extended to the end of the power stroke of fee operation cycle 
lancmg procedure, In other words, the process may proceed to withdraw phase when 
- ax ia l center 241 of the magnetic member 202 has moved cbstal of an axial center ,42 
of the ^ coi, 2,4 as show in FIG. 2,. * tins situation, any continued power to an y 
memh <" *e magnen 

ieugfe of the lancet ,83 (which can be store, in memory) feepositioh 0 f the lancet 183 

-lafive to fte magnetic member 202, as wefl as the distance that the lancet 183 has 
traveled. 

_ win, ref „,« e again )0 lhe te . s . m boj 2W fa no jf ^ ^ 

■ ^" *" *• * ^ «— «« ** (. W „„,„„« ta , be 
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As the velocity of the lancet 1 83 is maintained after contact with the skin 233, the distal 

tip 196 of the lancet 183 will first begin to depress or tent the contacted skin 237 and 

■. * . . . ■ 

• ■ ■ ... 

the skin 233 adjacent the lancet 1 83 to form a tented portion 243 as shown hi FIG. 32 
and further shown in FIG. 33. As the lancet 183 continues to move in a distal direction 
5 or be driven in a distal direction against the patient's skin 233, the lancet 183 will 
eventually begin to penetrate the skin 233, as shown in FIG. 34. Once jpenetration of 
the skin 233 begins, the static force at the distal tip 196 of the lancet 183 from the skin 
233 will become a dynamic cutting force, which is generally less than the static tip 
. force. As a result in the reduction of force on the distal tip 196 of the lancet 183 upon 

10 initiation of cutting, the tented portion 243 of the skin 233 adjacent the distal tip 196 of 
the lancet 183 which had been depressed as shown in FIGS. 32 and 24 will spring back 
as shown in PIG. 34. 

In the next operation, represented by the decision box numbered 271 in FIG. 
29B, the processor 193 determines whether the distal end 196 of the lancet 183 has 

15 reached a brake depth. The brake depth is the skin penetration depth for which the 
processor. 193 determines that deceleration of the lancet 183 is to be initiated in order 
to achieve a desired linal penetration depth 244 of the lancet 183 as show in FIG. 35. 
The brake depth may be pre-determined and programmed into the processor's memory, 
or the processor 193 may dynamically determine the brake depth during the actuation. 

20 The amount of penetration of the lancet 183 in the skin 233 of the patient may be 
measured during the operation cycle of the lancet device 1 80. In addition, as discussed 
above, the penetration depth necessary for successfully obtaining ai useable sample can 
depend on the amount of tenting of the skin 233 during the lancing cycle. The amount 
of tenting of the patient's skin 233 can in turn depend on the tissue characteristics of the 

• • * • ■ 

25 . patient such as elasticity, hydration etc. A method for determining these characteristics 
is discussed below with regard to skin 233 tenting measurements during the lancing 
cycle and illustrated in FIGS. 37-41. 

Penetration measurement can be earned out by a variety of methods that are not 
dependent on measurement of tenting of the patient's skin. In one embodiment, the 

30 penetration depth of the lancet 183 in the patient's skin 233 is measured by monitoring 
the amount of capacitance between the lancet 183 and the patient's skin 233. In this 
embodiment, a circuit includes the lancet ] 83, the patient's linger 234, the processor 193 
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the magnetic member 202 with respect to the coils 214-217 of the driver coil pack 188, 
. as indicated by the position sensor 191. 

In the next operation, the process proceeds to the withdraw phase, as represented 
by the flow diagram box numbered 277. The withdraw phase begins with the operation 
represented by the flow diagram box numbered 279 in FIG. 29C Here, the processor 
193 allows the lancet 183 to settle at a position of maximum skin penetration 244, as 
shown in FIG. 35. In this regard, the processor 193 waits until any motion in the lancet 
1 83 (due to vibration from impact and spring energy stored in the skin, etc.) has stopped 

by monitoring changes in position of the lancet 1 83. The processor 1 93 preferably waits 

■ * • ■ 

-until several milliseconds (ms), such as on the order of about 8 ms, have passed with no 

changes in position of the lancet 183. This is an indication that movement of the lancet 

■ ■ - • 

183 has ceased entirely. In some embodiments, the lancet may be allowed to settle for 

» * * 

about 1 to about 200Q milliseconds, specifically, about 50 to about 200 milliseconds. 
For other embodiments, the settling time may be about 1 to about 200 milliseconds. - 
It is at this stage of the lancing cycle that a software method can be used to 
measure the amount of tenting of the patient's skin 233 and thus determine the skin 233 
characteristics such as elasticity, hydration and others. Referring to FIGS. 37-41, a 
lancet 183 is illustrated in various phases of a lancing cycle with target tissue 233. FIG. 
37 shows tip 196 of lancet 183 making initial contact with the skin 233 at the point of 

* 

initial impact. 

FIG. 38 illustrates an enlarged view of the lancet 1 83 making initial contact with 
the tissue 233 shown in FIG. 37. In FIG. 39, the lancet tip 196 has depressed or tented 
the skin 233 prior to penetration over a distance of X, as indicated by the arrow labeled 
X in FIG. 39. In FIG. 40, the lancet 183 has reached the full length of the cutting 
power stroke and is at maximum displacement. In this position, the lancet tip 196 has 
penetrated the tissue 233 a distance of Y, as indicated by the arrow labeled Y in FIG. 

39. As can be seen from comparing FIG. 38 with FIG. 40, the lancet tip 196 was 
displaced a total distance of X plus Y from the time initial contact with the skin 233 was 
made to the time the lancet tip 196 reached its maximum extension as shown in FIG. 

40, However; the lancet tip 196 has only penetrated the skin 233 a distance Y because 
of the tenting phenomenon. 
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the magnitude of skiri 233 tenting for a patient is important to controlling the depth of 
penetration of the lancet tip 196 as the skin is generally known to vary in elasticity and 
other parameters due to age, time of day, level of hydration, gender and pathological 

. . * ■ 

state. 

This vahie for total tenting for the lancing cycle can then be used to determine 
the various characteristics of the patient's skin 233. Once a body of tenting data is, 
obtained for a given patient, this data can be analyzed in order to predict the total lancet 
displacement, from the point of skin contact, necessary for a successful lancing 
procedure. This enables the tissue penetration device to achieve a high success rate and 
minimize pain for the user. A rolling average table can be used to collect and store the 
tenting data for a patient with a pointer to the last entry in the table. When a new entry 
is input, it can replace the entry at the pointer and the pointer advances to the next 
value. When an average is desired, all the values are added and the sum divided by the 
total number of entries by the processor 193. Similar techniques involving exponential 

* . * ■ ■ 

decay (multiply by .95, add 0 05 times current value, etc.) are also possible. 

With regard to tenting of skin 233 generally, some typical values relating to 
penetration depth are now discussed. FIG. 43 shows a cross sectional view of the layers 
of the skin 233. to order to reliably obtain a useable sample of blood from the skin 233, 
it is desirable to have the lancet tip 196 reach the venuolar plexus of the skin. The 
stratum comeum is typically about 0.1 to about 0:6 mm thick and the distance from the 
top of the dermis to the venuole plexus can be from about 0.3 to about 1 .4 mm. Elastic 
tenting can have a magnitude of up to about 2 mm or so, specifically, about 0.2 to about 
2.0 mm, with an average magnitude of about 1 mm. This means that the amount of 
lancet displacement necessary to overcome the tenting can have a magnitude greater than 
the thickness of skin necessary to penetrate in order to reach the venuolar plexus. The 
total lancet displacement from point of initial skin contact may have an average value 
of about 1.7 to about 2.1 mm. In some embodiments, penetration depth and maximum 
penetration depth may be about 0.5 mm to about 5 mm, specifically, about 1 mm to 
about 3 mm. In some embodiments, a maximum penetration depth of about 0.5 to about 
3 mm is useful. 

Referring back to FIG. 29C, in the next, operation, represented by Ihe flow 
diagram box numbered 280 in FIG. 29C, the processor 193 causes a withdraw force to 
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direction away from the skin 233, then the'process proceeds to the operation represented 
by the flow diagram box numbered 285. In this operation, the backward movement of 

the lancet ,1 83 continues until the lancet distal end has been completely withdrawn fiom 

■ • - ... • ■ 

the patient's skin 233. As discussed above, in some embodiments the lancet 183 is 

5 withdrawn with less force and a lower speed than the force and speed during the 
penetration portion of the operatibn cycle. The relatively slow withdrawal of the lancet 
1 83 may allow the blood from the capillaries of the patient accessed by the lancet 1 83 
to follow the lancet 1 83 during witkrrawal and reach the skin surface to reliably produce 
a usable blood sample. The process then ends. 

10 Controlling the lancet motion over , the operating cycle of the lancet 183 as 

discussed above allows a wide variety of lancet velocity profiles to be generated by the 
lancing device 1 80. In particular, any of the lancet velocity profiles discussed above 
with regard to other embodiments can be achieved with the processor 193, position 
sensor 191 and driver coil pack 188 of the lancing device 180. 

15 Another example of an embodiment of a velocity profile for a lancet can be seen 

in FIGS. 44 and 45, which illustrates a lancet profile with a fast entry velocity and a 
slow withdrawal velocity. FIG. 44 illustrates an embodiment of a lancing profile 
showing velocity of the lancet versus position. The lancing profile starts at zero time 
and position and shows acceleration of the lancet towards the tissue from the 

20 electromagnetic force generated from the electromagnetic driver. At point A, the power 
is shut off and the lancet 183 begins to coast until it reaches the skin 233 indicated by 
B at which point, the velocity begins to decrease. At point C, the lancet 183 has 

reached maximum displacement and settles momentarily, typically for a time of about 

. • . ■ .» . 

8 milliseconds. 

25 A retrograde withdrawal force is then imposed on the lancet by the controllable 

driver, which is controlled by the processor to maintain a withdrawal velocity of no 
more than about 0.006 to about 0.01 meters/second. The same cycle is illustrated in the 
velocity versus time plot of FIG. 45 where the lancet is accelerated from the start point 
to point A. The lancet 1 83 coasts from A to B where the lancet tip 196 contacts tissue, 

30 233. The lancet tip 196 then penetrates the tissue and slows with braking force 
eventually applied as the maximum penetration depth is approached. The lancet is 
stopped and settling between C and D. At D, the withdrawal phase begins and the 
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made of iron or steel to complete the magnetic path around the coils and between the 

• + 

washers 310. 

K . * ' 

Wrapping or winding an elongate electrical conductor 31 1 about the axial lumen 

• . ■ ■ 

309 until a sufficient number of windings have been achieved forms the coils 305r3()8. 

The elongate electrical conductor 311 is generally an insulated solid copper wire. The 

particular materials, dimensions number of coil windings etc. of the coils 305-308 : 

washers 310 and other components of the driver coil pack 295 can be the same or 

similar to the materials, dimensions number of coil windings etc. of the driver coil pack 

■ ■ ► • 

* > > * 

188 discussed above. 

Electrical conductors 312 couple the driver coil pack 295 with a processor 313 

. * ■ ■ * 

which can.be configured or programmed to control the current flow in the coils 305-308 
of the driver coil pack 295 based on position feedback from the position sensor 296, 
which is coupled to the processor 3 1 3 by electrical conductors 31 5. A power source 3 1 6 
is electrically coupled to the processor 313 and provides electrical power to operate the 
processor 313 and power the driver coil pack 295. The power source. 316 may be one 
or more batteries (not shown) that provide direct current power to the processor 313 as 
discussed above. 

The position sensor 296 is an analog reflecting light sensor that has a light source 

* ■ * 

and light receiver in the form of a photo transducer 317 disposed within a housing 318 
with the housing 318 secured in fixed spatial relation to the driver coil pack 295. A 
reflective member 319 is disposed on or secured to a proximal end 320 of the magnetic 
member 30,1. The processor 313 determines the position of the lancet 299 by first 
emitting light from the light source of the photo transducer 317 towards the reflective 
member 319 with a predetermined solid angle of emission. Then, the light receiver of 
the photo transducer 317 measures the intensity of light reflected from the reflective 
member 319 and electrical conductors 315 transmit the signal generated therefrom to the 
processor 313. 

By calibrating the intensity of reflected light from the reflective member 319 for 
various positions of the lancet 297 during the operating cycle of the driver coil pack 
295, the position of the lancet 297 can thereafter be determined by measuring the 
intensity of reflected light at any given moment. In one embodiment, the sensor 296 uses 
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active region 354 generated by a second upper permanent magnet 355 secured to the 
upper magnet base 351 and a second lower permanent magnet secured to the lower 
magnet base 353- 

The magnetic field lines or circuit of the first upper and lower permanent 
magnets 349, 352, 355 and 356 can be directed upward from the first lower permanent 
magnet 352 to the first upper permanent magnet 349 or downward in an opposite 
direction The magnetic field lines from the second permanent magnets 355 and 356 are 
also directed up or down, and will have a direction opposite to that of the first upper and 
lower permanent magnets 349 and 352. This configuration produces rotational force on 
the coil arm 344 about the pivot guide 331 with the direction of the force determined 
by die direction of current flow in the flat coil 345. 

A position sensor 357 includes an optical encoder disk section 358 is secured to 
the rotating frame 327 which rotates, with the rotating frame 327 and is read by .an 
optical encoder 359 which is secured to the base 329. The position sensor 357 
determines the rotational position of the rotating frame 327 and sends the position, 
information to a processor 360 which can have features which are the same or similar 
to the features of the processor 193 discussed above via electrical leads 361. Electrical 
conductor leads 363 of the flat coil 345 are also electrically coupled to the processor 
360. 

As electrical current is passed through the leading segment 346 and trailing 
segment 347 of the flat coil 345, the rotational forces imposed on the segments 346 and 
347 are transferred to the rotating frame 327 to the actuator arm 332, through the 
coupler linkage 336 and coupler translation member 341 and eventually to the drive 
coupler 342. In use, a lancet (not shown) is secured into the drive coupler 342, and the 
flat coil lancet actuator 325 activated. The electrical current in the flat coil 345 
determines the forces generated on the drive coupler 342, and hence, a lancet secured 
to the coupler 342. The processor 360 controls the electrical current in the flat coil 345 
based on the position and velocity of the lancet as measured by the position sensor 357 
information sent to the processor 360. The processor 360 is able to control the velocity 
of a lancet in a manner similar to the processor 193 discussed above and can generate 
any of the desired lancet velocity profiles discussed above, in addition to others. 
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- FIGS. 49 and 50 depict yet another embodiment of a controlled driver 369 
havtng a driver coil pack 370 for a tissue penetration device. The driver coil pack 370 
has a proximal end 371, a distal end 372 , and an axial lumen 373 extending from the 
proximal end 371 to the distal end 372. An inner coil 374 is disposed .bout the axia, 
lumen 373 and has a tapered configuration with increasing wraps per inch of an elongate 
• ^^-r C oil374:.,end ? , om ^ pr ^l d : 

371 of the cod dnver pack 370 «e the distal end 372 of the driver coi, pack370with 
a major outer diameter or transverse dimension of about 1 to about 25 mm, specificaUy 
about 1 to about 12 mm. 

The outer diameter or transverse dimension of the inner coil 374 at the proximal 
end 371 of the driver coi, pack 370 is approximately equal to the diameter of the axial 
lumen 373 at the proximal end 37! of the coil pack 370. That is, the inner coil 374 
tapers to a reduce outer diameter proximal* until there are few of no wraps of elongate 
electncal conductor 375 a, me proximal end 371 of the driver coil pack 370 The 
tapered configuration of the inner coil 374 produces an axial magnetic field gradient 
-than the axia, hnnen 373 of the driver coil pack 370 when the inner coil 374 is 
act.va.ed with e,ectrica, current flowing through the elongate electrica, conductor 375 
of the inner coil 374. 

. -The axial magnetic BOA gradient produces a driving force for a magnetic 

-ember 376 disposed within the axial lumen 373 that drives the magnetic member 376 
towards the distal end 372 of the driver coi, pack 370 when the inner coi, .374 is 
act.va.ed. The driving force on the magnetic member produced by the inner coi, 374 
» a smooth con,inuous force, which can produce a smooth and continuous acce.eratiOn 
ofthemagnencmember376^ In some embodiments the 

-.0 of the increase in outer diameter versus axia, disp,acement a,ong the inner coi, 374 
» M»« direction can be from about , to about 0.08, specificafly, about 1 to about. 

An outer coi, 378 is disposed on and ,ongitudina,ly coextensive with the inner 
cod 374. The ou.er coi, 378 can have the same or similar dimensions and construction 
as the mner cOi, 374, except that the outer coi, 378 tapers proximaHy to an increased 
dieter or transverse dimension. The greater wraps per inch of e.ougate e.ectrica, 
conductor 379 in a proxima, direcnon for the outer coi, 378 produces a magnetic fie,d 
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gradient that drives the magnetic member 376 in a proximal direction when the outer 
coil 378 is activated with electrical current. This produces a braking or reversing effect 
on the magnetic member 376 during an operational cycle of the lancet 377 and driver 
coil pack 370. The elongate electrical conductors 375 and 379 of the inner coil 374 and 

outer coil 378 are coupled to a processor 381, which is coupled to an electrical power 

- 

source 382. The processor 381 can have properties similar to the other processors 
discussed above and can control the velocity profile of the magnetic member 376 and 
lancet 377 to produce any of the velocity profiles above as well as others. The driver 
coil pack 370 can be used as a substitute for the coil driver pack discussed above, with 
other components of the lancing device 180 being the same or similar. 

Embodiments of driver or actuator mechanisms having been described, we now 
discuss embodiments of devices which can house lancets, collect samples of fluids, 

* * . • 

analyze the samples or any combination of these functions. These front-end devices may 

, - * . ■ 

be integrated with actuators, such as those discussed above, or any other suitable driver 
or controllable driver. 

Generallyy most known methods of blood sampling require several steps. First, 

• ■ 

a measurement session is set Hp by gathering various articles such as lancets, lancet 

drivers, test strips, analyzing instrument, etc. Second, the patient must assemble the 

■ 

paraphernalia by loading a sterile lancet, loading a test strip, and arming the lancet 
driver. Third, the patient must place a finger against the lancet driver and using the 
other hand to activate the driver. Fourth, the patient must put down the lancet driver 
and place the bleeding finger against a test strip, (which may or may not have been 
loaded into an analyzing instrument). The patient must insure blood has been loaded 
onto the test strip and the analyzing instrument has been calibrated prior to such loading. 
Finally, the patient must dispose of all the bloodrcontaminated paraphernalia including 
the lancet. As such, integrating the lancing and sample collection features of a tissue 
penetration sampling device can achieve advantages with regard to patient convenience. 

FIG. 51 shows a disposable sampling module 410, which houses the lancet 412. 
The lancet 412 has a head on a proximal end 416 which connects to the driver 438 and 

* • . 

a distal end 414, which lances the skin. The distal end 414 is disposed within the 
conduit 418. The proximal end 416 extends into the cavity 420. The sample reservoir 
422 has a narrow input port 424 on the ergonomics I ly contoured surface 426, which is 
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retracted, the blood flowing from the finger 450 will collect in the blood well 454. The 
lancet 412 will have been retracted into the orifice 452 effectively blocking the passage 

: of blood down the orifice 452. The blood will flow from the blood well 454 through 

.... . . . . 

the sample input port 424 into the reservoir 422. 

FIG. 56 shows a drawing of the lancing event. The patient applies pressure by 

■■'.*■ , ■ 

pushing down with the finger 450 on the ergonomically contoured surface 426. This 

applies downward pressure on the sampling "module 410, which is loaded into the socket 

432. As the socket 432 is pushed downward it compresses the springs 434. The sensor 

.446 makes contact with the distal end 442 of the driver 438 and thereby electrically 

detects the presence of the finger on the ergonomically contoured surface. The sensor 

• •*'*■' 
can be a piezoelectric device, which detects this pressure and sends a signal to circuit 

456, which actuates the driver 438 and advances and then retracts the lancet 412 lancing 

the finger 450. In another embodiment, the sensor 446 is an electric contact, which 

closes a circuit when it contacts the driver 438 activating the driver 438 to advance and 

retract the lancet 412 lancing the finger 450. 

•" 

An embodiment of a method of sampling includes a reduced number of steps that 

■ 

must be taken by a patient to obtain a sample and analysis of the sample. First, the 
patient loads a sampling module 410 with an embedded sterile lancet into the housing 
device 410\ Second, the patient initiates a lancing cycle by turning on the power to the 
device or by placing the finger to be lanced on the ergonomically contoured surface 426 
and pressing down. Initiation of the sensor makes the sensor operational and gives 
control to activate the launcher. 

The sensor is urmrompted when the lancet is retracted after its lancing cycle to 
avoid unintended multiple lancing events. The lancing cycle consists of arming, 
advancing, stopping and retracting the lancet, and collecting the blood sample in the 
reservoir. The cycle is complete once the blood sample has been collected in the 
reservoir. Third, the patient presses down on the sampling module, which forces the 
driver 38 to make contact with the sensor, and activates the driver 438. The lancet then 
pierces the skin and the reservoir collects the blood sample. 

The patient is then optionally informed to remove the finger by an audible signal 
such as a buzzer or a beeper, and/or a visual signal such as an LED or a display screen. 
The patient can then dispose of all the contaminated parts by removing the sampling 
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" FIG. 59 depicts a configuration of thermal sensors 500 having three thermal 
sensor/heating element pairs (500/510), or detector elements, (with associated signal 
conditioning elements 506 and power supply and control elements 512 as described in 
FIG. 58) embedded in a substrate 502 near each other alongside a surface 504. The 

■ 

■ 

figure depicts the thermal sensors 500 arranged in a linear fashion parallel to the surface 
504, but any operable configuration may be used. In alternate embodiments, fewer than 

- 

three or more than three thermal sensor/heating element pairs (500/510) may be used to 
indicate the arrival of fluid flowing across a surface 504. In other embodiments, self- 
heating thermal sensors are used, eliminating the separate heating elements. 

Embodiments of the present invention provide a simple and accurate 

methodology for detecting the arrival of a fluid at a defined location. Such detection 

"" ■ ■ ■ . * 

can be particularly useful to define the zero- or start-time of a timing cycle for 

measuring rate-based reactions. This can be used in biochemical assays to detect a 

variety of analytes present in a variety of types of biological specimens or fluids and for 

rate-based reactions such as enzymatic reactions. Examples of relevant fluids include, 

blood, serum, plasma, urine, cerebral spinal fluid, saliva, enzymatic substances and other 

related substances and fluids that are well known in the analytical and biomedical art. 

The reaction chemistry for particular assays to analyze biomoleculat fluids is generally 

well known, and selection of the particular assay used will depend oil the biological fluid 

of interest 

Assays that are relevant to embodiments of the present invention include those 
that result in the measurement of individual analytes or enzymes, e.g., glucose, lactate, 
creatinine kinase, etc, as well as those that measure a characteristic- of the total sample, 

* - - , * 

for example, clotting time (coagulation) or complement-dependent lysis. Other 

> 

embodiments for this invention provide for sensing of sample addition to a test article 

m ■ * • » 

or arrival of the sample at a particular location within that article. 

Referring now to FIG: 60, a substrate 502 defines a channel 520 having an 
interior surface 522 over which fluid may flow. An analysis site 524 is located within 
the channel 520 where fluid flowing in the channel ,520 may contact the analysis site 

'4 . a 

524. In various embodiments, the analysis site 524 may alternatively be upon the 
interior surface 522, recessed into the substrate 502, or essentially flush with the interior 
surface 522. FIG. 60, depicts several possible locations for thermal sensoTS relative the 
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substrate, the channel, and the analysis site; also, other locations may be useful and will 
depend upon the design of the. device, as will be apparent to those of skill in art. 

In use, thermal sensors may be omitted from one or more of the locations 
depicted in FIG. 60, depending on the intended design. A recess in the analysis site 524 
may provide the location lor a thermal sensor 526, as may the perimeter of the analysis 
site provide the location for a thermal sensor 528. One or more thermal sensors 530 
532, 534 may be located on the upstream side of the analysis site 524 (as fluid flows 
from right to left in FIG. 60), or one or more thermal sensors 536, 538, 540 may be 
located on the downstream side of me analysis site 524. 

The thermal sensor may be embedded in the substrate near the surface, as thermal 
sensor 542 is depicted. In various other embodiments, the thermal sensor(s) may be 
located upon the interior surface, recessed into the interior surface, or essentially flush 
with the interior surface. Bach thermal sensor may also be associated with a signal : 
conditioning element, heating element, and power supply and control elements as 
described above, and a single signal conditiomng element, heating element, or power 
supply and control element may be associated with more than one thermal sensor. 

FIG. 61 showspossiblepositions for thermal sensors relative to analysis sites 524 
arranged in an array on a surface 556. A recess in the analysis site 524 may provide the 
location for a thermal sensor 544, as may the perimeter of the analysis site provide the 
location for a thermal sensor 546. The edge of the surface surrounding the array of 
analysis sites may provide the position for one or more thermal sensors 548. Thermal 
sensors may be positioned between analysis sites in a particular row 550 or column 552 
of the array, or may be arranged on the diagonal 554. 

In various embodiments, the thermal sensorfs) may be may be embedded in the 
substrate near the surface or may be located upon the surface, recessed into the surface, 
or essentially flush with the surface. Each thermal sensor may also be associated with 
a signal conditioning elements, heating elements, and power supply and control elements, 
as described above, and a single signal conditiomng element, heating element, or power 
supply and control element may be associated with more than one thermal sensor. 

The use of small thermal sensors can be useful in rmruaturized systems, such as 
mrcrofluidic devices, which perform biomolecular analyses on very small fluid samples. 
Such analyses generally include passing a bromolecular fluid through, over, or adjacent 



WO 03/094752 PCTAJS02/J9188 / 

' 56 

■ 

to arranafysis site and result in information about the biomolecular fluid being obtained 
through the use of reagents and/or test circuits and/or components associated with the 

- . * * * • , ■ . * 

analysis site. 

PIG. 62 depicts several possible configurations of thermal sensors relative to 

. • - . • ' 

5 channels and analysis sites. The device schematically depicted in FIG. 62 may be, e.g., 
..... ■ . - ' * 

a microfluidic device for analyzing a small volume of a sampje fluid, e.g. a biomolecular 

fluid. The device has a sample reservoir 560 for holding a quantity of a sample fluid. 

The sample fluid is introduced to the sample reservoir 560 via a sample inlet port 562 

in fluid communication with the sample reservoir 560. A thermal sensor 564 is located 

* 

10 in or near the sample inlet port 562. A primary charmer 566 originates at the sample 
reservoir 560 and terminates at an outflow reservoir 568. 

One or more supplemental reservoirs 570 are optionally present and are in fluid 
communication with the primary channel 566 via one or more supplemental channels 
572, which lead from the supplemental reservoir 570 to the primary channel 566. The 

15 - supplemental reservoir 570 functions to hold fluids necessary for the operation of the 
assay, such as reagent solutions, wash solutions, developer solutions, fixative solutions, 
et cetera. In the primary channel 566 at a predetermined distance from the sample 
reservoir 560, an array of analysis sites 574 is present. 

Thermal sensors are located directly upstream (as fluid flows from right to left 

20 in the figure) from the array 576 and directly downstream from the array 578. Thermal 
sensors are also located in the primary channel adjacent to where the primary channel 
originates at the sample reservoir 580 and adjacent to where the primary channel 

terminates at the outflow reservoir 582. The supplemental channel provides the location 

'. • • ■ ■ • 

for another thermal sensor 584. 

25 When the device is in operation, the thermal sensor 564 located in or near the 

sample inlet port 562 is used to indicate the arrival of the sample fluid, e.g. the 
biomolecular fluid, in the local environment of the thermal sensor, as described herein, 
and thus provides cbrifirmation that the sample fluid has successfully been introduced 
into the device. The thermal sensor 580 located in the primary channel 566 adjacent to 

30 where the primary channel 566 originates at the sample reservoir 560 produces a signal 
indicating that sample fluid has started to flow from the sample reservoir 560 into the 
primary channel 566. The thermal sensors 576 in the primary channel 566 just upstream 
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local environment, which in turn more easily detects thermal changes in the conductivity 
of the local environment. 

Thermistors are frequently used in "self heating* mode in applications such as 

fluid level detection, airflow detection and . thermal conductivity materials 

• ■ • 

5 characterization. This mode is particularly useful in fluid sensing, since a self-heating 
conductivity sensor dissipates significantly more heat in a fluid or in a moving air stream 
than it does in still air. 

* _ » » t ■ 

Embodiments of the invention may be designed such that the thermal sensor is 

■ 

exposed directly to the sample. However, it may also be embedded in the material of 
10 the device, e.g., in the wall of a channel meant to transport the sample. The thermal 

■ - m * 

... . 

sensor may be covered with a thin coating of polymer or other protective material: 

Embodiments of the device need to establish a baseline or threshold value of a 

* * * * 

* • ■ 

monitored parameter such as temperature. Ideally this is established during the setup 

* * ■ » 

process. Once fluid movement has been initiated, the device continuously monitors for 
15 a significant change thereafter. The change level designated as "significant" is designed 

. . - 

as a compromise between noise rejection and adequate sensitivity. The actual definition 
of the "zero- or start-time'* may also include an algorithm determined from the time 
history of the data, i.e., it can be defined ranging from the exact instant that a simple 
threshold is crossed, to a complex mathematical function based upon a time sequence 
20 of data. 

In use, a signal is read from a thermal sensor in the absence of the sample or 
fluid. The fluid sample is then introduced. The sample flows to or past the site of 
interest in the local environment of the thermal sensor, and the thermal sensor registers 

the arrival of the sample. The site of interest may include an analysis site for 

•- • ■(" . ■ 

25 conducting, e.g., an enzymatic assay. Measuring the arrival of fluid at the site of 

interest thus indicates the zero- or start-time of the reaction to be performed. For 

■ 

detection of fluid presence, these sites may be any of a variety of desired locations along 
the fluidic pathway. Embodiments of the invention are particularly well suited to a 
rnicrofluidic cartridge or platform, which provide the user with an assurance that a fluid 
30 sample has Veen introduced and has flowed to the appropriate locations in the platform. 

A rate-based assay must measure both an initiation time, and some number of 
later time points, one of which is the end-point of the assay. Therefore, baseline or 
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response is altered by the arrival of the fluid or blood in or near the local, environment, 

similar to the previously described implementation, and the event is detected 

• . • * * 

... . ■ 

electronically. 

• . ■ ■ ■ 

The heating element can be operated in a controlled input mode, which may 
include controlling one or more of the following parameters - applied current, voltage 
or power r in a prescribed manner. When operating in controlled input mode, 
fluctuations of the temperature of the:thermal sensor are monitored in order to detect the 
arrival of the fluid. 

* ■ • - • ' ■ 

Alternatively, the heating element can be operated in such a fashion as to control the 
temperature of the thermal sensor in a prescribed manner. In this mode of operation, 
the resulting fluctuations in one or more of the input parameters to the heating element 
(applied current, voltage, and power) can be monitored in order to detect the arrival of 

. • , • • 

the fluid. 

In either of the above-described operating modes, the prescribed parameter can 
be held to a constant value or sequence of values that are held constant during specific 
phases of operation of the device. The prescribed parameter can also varied as a known 
function or waveform in time. 

The change in the monitored parameters caused by the arrival of the fluid can 
be calculated in any of a number of ways, using methods well known in the art of signal 
processing. The signal processing methods allow the relation of the signal received prior 
to arrival of the fluid with the signal received upon arrival of the fluid to indicate that 

the fluid has arrived. For example, and after suitable signal filtering is applied, changes 

■ 

in the monitored value or the rate of change of the value of the signal can be monitored 
to detect the arrival of the fluid. Additionally, the arrival of fluid will cause a dynamic 
change in the thermodynamic properties of the local environment, such as thermal 

- - - ■ 

conductivity or thermal capacity. When the input parameter is a time varying function 
this change of thermodynamic properties will cause a phase shift of the measured 
parameter relative to the controlled parameter. This phase shift can be monitored to 
detect the arrival of the fluid. 

It should also be noted that sensitivity to thermal noise and operating power 
levels could be reduced in these either of these modes of operation by a suitable choice 
of time-varying waveforms for the prescribed parameter, together with appropriate and 
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sharpened to produce the incision with minimal pain. The lancet 600 farther has an. 

enlarged proximal end 605 opposite the distal end. Similar lancets are commonly known 

• ■ > 

in the ait 

Rather than being limited to a shaft having a sharp end, the lancet may have a 
variety of configurations known in the art, with suitable modifications being made to the 
system to accommodate such other lancet configurations, such configurations having a 
sharp instrument that exits the sampling port to create a wound from which a blood 
sample may be obtained. 

In the figures, the lancet 600 is slidabry disposed within a lancetguide 606 in the 

housing 601, and movement of the lancet 600 within the lancet guide 606 is closely 

■■ ■ ■ • 

controlled to reduce lateral motion of the lancet, thereby reducing the pain of the lance 

-. ■* - 
stick. The sample acquisition module also includes a return stop 613* which retains the 

lancet within the sample acquisition module. The sampling module has an attachment 

■ 

1 . ■ * 

site 615 for attachment to the lancet driver. 

' The sampling module further includes a depth selector allowing the user to select 
one of several penetration depth settings. The depth selector is shown as a multi- 
position thumbwheel 607 having a graduated surface. By rotating the thumbwheel 607, 
the user selects which part of the graduated surface contacts the enlarged proximal end 
605 of the lancet to limit the movement of the lancet 600 within the lancet guide 606. 

The thumbwheel is maintained in the selected position by a retainer 608 having 
a protruding, rounded surface which engages at least one of several depressions 609 (e.g. 
dimples, grooves, or slots) in the thumbwheel 607. The depressions 609 are spatially 
aligned to correspond with the graduated slope of the thumbwheel 607, so that, when 
the thumbwheel 607 is turned, the depth setting is selected and maintained by the 
retainer 608 engaging the depression 609 corresponding to the particular depth setting 

■ * . 

selected. 

In alternate embodiments, the retainer may be located on the deptii selector and 
the depressions corresponding to the depth setting located on the housing such that 
retainer may functionally engage the depressions. Other similar arrangements for 
inaintaining'components in alignment are known in the art and may be used. In further 
alternate embodiments, the depth selector may take the form of a wedge haying a 
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. of the chamber 620 (high pressure supplied from the source via duct 626) with the first 

* * 

check valve 622; closed and the second check valve 623 open, the blood is forced but 
of the chamber 616. The direction of movement and actuation speed of the diaphragm 
621 can be controlled by the pressure source, and therefore the flow of the sample can 

* * • 

be accelerated or decelerated. This feature allows not only reduced damage to the blood 

cells but also for trie control of the speed by which the chamber 616 is filled. 

• ■ 

. While control . of the diaphragm 621 via pneumatic means is described in this 

* 

embodiment, mechanical means may alternately be used. Essentially, this micro 
diaphragm pump fulfills the aspiration, storage, and delivery functions. The diaphragm 
621 may be used essentially as a pump to facilitate transfer of the blood to reach all 
areas required. Such required areas might be simple sample storage areas further 
downstream for assaying or for exposing the blood to a chemical sensor or other testing 
means. Delivery of the blood may be to sites within the sampling module or to sites 
outside the sampling module, i.e. a separate analysis device. 

In an alternate embodiment, a chemical sensor or other testing means is located 
within the sampling module, and the blood is delivered to the chemical sensor or other 
testing means via a blood transfer channel in fluid communication with the sample 
reservoir. The components of the sampling module may be injection molded and the 
diaphragm may be fused or insertion molded as an integral component. 

FIG. 67 depicts a portion of the disposable sampling module surrounding the 
sampling port 627, including a portion of the sampling site cradle surface 628. The 
housing of the sampling module includes a primary sample flow channel 629 that is a 

> • * 

capillary channel connecting the sample input port to the sample reservoir. The primary 
sample flow channel 629 includes a primary channel hrmerial surface 630 and a primary 
channel entrance 631, the primary channel entrance 631 opening into the sample input 
port 627. The sampling module may optionally include a supplemental sample flow 
channel 632 that is also a capillary channel having a supplemental channel lumenal 
surface 633 and a supplemental channel entrance 634, the supplemental channel entrance 
634 opening into the sample input port 627. 

The primary sample flow channel 629 has a greater cross r sectiorial area than the 
supplemental sample flow channel 632, preferably by at least a factor of two. Thus, the 
supplemental sample flow channel 632 chaws fluid faster than the primary sample flow 
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634 {both within the sample input port and .within the sample flow channel), and the 
lumenal surface of the primary and/or supplemental sample flow channels 630, 633. 

Upon exiting the incision blood preferentially moves through the sample input 
port 627 into the siipplera^ntary sample flow channel 632 (if present) and into the 
5 primary sample flow channel 629 to the sample reservoir, resulting in efficient capture 

. of the blood. Alternatively, the substrate material may be selected to be hydrophilic or 

... - ■ - • ■ 

hydrophobic, and a portion of the surface of the substrate material may be treated for 

**■ - * * » 

the opposite characteristic. 

hi an embodiment, FIG. 67 a membrane 635 at the base of the sample input port 
'•*•.- • * 

10 627 is positioned between the retracted sharpened distal end of the lancet 636 and the 

entrance to the sample flow channels 631, 634. The membrane 635 facilitates the blood 

sample flow through the sample flow channels 629, 632 by restricting the blood from 

flowing into the area 636 surrounding the distal end of the lancet 637: The blood thus 

flows preferentially into the sample reservoir. In an embodiment, the membrane 635 is 

15 treated to have a hydrophobic characteristic. In another embodiment, the membrane 635 
/ is made of polymer-based film 638 that has been coated with a silicone-based gel 639. 

For example, the membrane structure may comprise a polymer-based film 638 
composed of polyethylene terephthalate, such as the film sold undei: the trademark 
MYLAR. The membrane structure may fiirther comprise a thin coating of a silicone- 

20 based gel 639 such as the gel sold under the trademark SYLGARD on at least one 
surface of the film. The usefulness of such a film is its ability to reseal after the lancet 
has penetrated it without physically affecting the lancet's cutting tip and edges. The 
/MYLAR film provides structural stability while the thin SYLGARD silicone laminate 
is flexible enough to retain its form and close over the hole made in the MYLAR film. 

25 Other similar materials fulfilling the structural stability and flexibility roles may be used 
in the manufacture of the membrane in this embodiment. 

The membrane 635 operates to allow the sharpened distal end of the lancet 637 
to pierce the membrane as the sharpened distal end of the lancet 637 travels into and 
tlirough the sample input port 627. In an embodiment, the silicone-based gel 639 of the 

30 membrane%35 automatically seals the cut caused by the piercing lancet. Therefore, after 
an incision is made on a finger of a user, the blood from the incision is prevented from 
flowing through the membrane 635, which aids the blood to travel through the primary 
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end 654 of the preload screw, thence through the hole 658 in the catch fitting 657, to 
the joint 664 in the plunger tip 667- For assembly purposes, the phinger base joint 664 
may be incorporated into the plunger sleeve 647* and the plunger stem 660 attached to 

* . • * ■ . . * 

the plunger base 664 by crimping, swaging, ghim& welding, or some other means. Note 

5. that the lancet driver 640 could be replaced with any of the controlled electromagnetic 

■ • 

drivers discussed above. 

The operation of the tissue penetration sampling device may be described as 
follows, with reference to FIGS. 63-70. In operation, a fresh sampling module 590 is 

removed from the storage cavity 594 and adjusted for the desired depth setting using the 

... . . .. .. 

10 multi-position thumbwheel 607. The sampling module 590 is then placed onto the end 
of the lancet driver 591. The preload setting may be checked, but will not change from 
cycle to cycle once the preferred setting is found; if necessary, the preload setting may 
be adjusted using the preload adjustment knob 596. 

The combined sampling module and lancet driver assembly is then pressed 

15 against the user's finger (or other selected anatomical feature) in a smooth motion until 

the preset trigger point is reached. The trigger point corresponds to the amount of 

- 

preload force that needs to be overcome to actuate the driver to drive the lancet towards 
the skin. The preload screw allows the preload setting to be adjusted by the user such 
that a consistent, preset (by the user) amount of preload force is applied to the sampling 
20 site 597 each time a lancing is performed. 

When the motion to press the assembly against the user's finger is begun (see 
FIG. 68), the plunger hook 665 engages catch fitting 657, holding the actuator spring 

646 in a cocked position while the force against the finger builds as the driver sleeve 

- • 

644 continues to compress the preload spring 643. Eventually (see FIG. 69) the sloped 

25 back of the plunger hook 665 slides into the hole 655 in the proximal end of the preload 

■ • 

screw 654 and disengages from the catch fitting 657. The plunger sleeve 647 is free to 
move in a proximal direction once the plunger hook 665 releases, and the plunger sleeve. 

647 is accelerated by the actuator spring 646 until the plunger tip 667 strikes the 

♦ 

enlarged proximal end of the lancet 212. 
30 . Upon striking the enlarged proximal end of the lancet 605, the plunger tip 667 

of the actuated lancet driver reversibly engages the enlarged proximal end of the lancet 
605. This may be accomplished by mechanical means, e.g. a fitting attached to the 
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Plunger tip 667 .hat detachably engages a co^entary fitting on the enlarged 
Kcooinalendofihe ^(^vflm^-p^**^^^ 
coatedwKh an adhesive that adheres to the plunger tip 667 ofthe actuated Wt driver 
Upon being engaged by thephmger tip 667, the lancet 600 siid^ ^theWgdde 
606 with the sharpened distal end of the lancet 604 emerging from the housing 601 
through the sampling port 603 to create the incision in the user's finger 

At approximately the point where the plunger tip 667 contacts the enlarged 
pro*™, end of the lance, 605, the actuator spring 646 is at its relaxed position, and the 
Plunger bp 667 is traveling at its maximum velocity During the extension stroke the 
actuator spring 646 is being extended and is slowing the plunger tip 667 and Jance, 600 
The end of stroke occurs (see FIG. 70) when the enlarged proximal end of the lancet 
605 strikes the multi-position thumbwheel 607. 

The direction of movement of the lancet 600 is men reversed and the extended 
actuator spring then quickly retracts the sharpened distal end of the lancet 604 back 
through the sampling port. 6031 At the end of the return stroke, the lancet 600 is 
stnpped from the plunger tip 667 by the return stop 613. The adhesive adheres to the 
return stop 613 retaining the lancet in a safe position. 

As blood seeps from the wound, it fills the sample input port; 603 and is drawn 
by capdlary action into the .ample reservoir 603'. In this embodiment, there is no 
reduced pressure or vacuum at the wound, i.e. the wound is at ambient air pressure 
although embodiments which draw the blood sample by suction, e.g. supphed by a 

synnge orpump, may he used. The vent 612 allows the capillary action to proceed until 
the en nre chajpber is ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

other mstrumentation. The finger is held against the sample acquisition module until a 
complete sample is observed in the sample reservoir. 

As the sampling module 600 is removed from the lancet driver 591 a latch 6J4 ■ 
^ 1S part of the return stop 613 strnctme engages a sloped ring feature 660 inside the 
ance, driver 591. As te IaDcet ^ ^ js ^ ^ ^ ^ 

he latch forces the return s.op 613 to rotate toward the lance, 600, bending i, to lock . 
Jt in a safe position, and preventing reused 

As the sampling module 600 is removed from the lancet driver 591 the driver " 
sleeve 644 is forced ,o slide in ,he dnver handle body 641 by energy stored in the 



WO 0J/0M752 PCT/US02/J9188 

79 

preload spring 643. The driver sleeve 644, phinger sleeve 647, and actuator spring. 646 
move outward together until the plunger head 663 on the plunger stem 660 contacts the 

bottom of the counterbore 651 at the proximal end of the preload screw 654. The 

* ■ ■ * ■ . • 

preload spring 643 continues to move the driver sleeve 644 outward compressing the 
5 actuator spring 646 until the plunger hook 665 passes through the hole 658 in the catch 
fitting 657. Eventually the two springs reach equilibrium and the plunger sleeve 647 

■« 

comes to rest in a cocked position. * 

. ■ . ■ . 

Alter the sampling module 600 is removed from the lancet driver 591, it may be 

* - . ■ 

placed in a separate analysis device to obtain blood chemistry readings. In a preferred 

* - * 

10 embodiment, the integrated housing 601 or sample reservoir 603' of the sampling 
module 600 contains at least one biosensor, which is powered by and/or read by the 
separate analysis device. In another embodiment, the analysis device performs an optical 

* ■ ■ - * * 

■ 

* 

analysis of the blood sample directly through the clear plastic cover of the sampling 
module. Alternatively, the blood sample may be transferred from me samp 

15 into an analysis device for distribution to various analysis processes. 

Alternate embodiments of the invention offer improved success rates for 
sampling, which reduces the needless sacrifice of a sample, storage reservoir or an 
analysis module due to inadequate volume fill. Alternate embodiments allow automatic 
verification that sufficient blood has been collected before signaling the user (e.g. by a 

20 signal light or an audible beep) that it is okay to remove the skin from the sampling site. 
In such alternate embodiments, one or more additional lancet(s) (denoted backup lancets) 
and/or lancet driver(s) (denoted backup lancet drivers) and/or sample reservoir(s) 
(denoted backup sample reservoirs) are present with the "primary" sampling module. 
In one such preferred embodiment, following detection of inadequate blood 

25 sample volume (e.g., by light or electronic methods), a backup sampling cycle is 
initiated automatically. The "backup sampling cycle" includes disconnecting the primary 
sample reservoir via a simple valving system, bringing the backup components online, 
lancing of the skin, collection of the blood, and movement of the blood to the backup 
sample reservoir. 

* . 

30 Blood flows into the backup sample reservoir until the required volume is 

obtained. The cycle repeats itself, if necessary, until the correct volume is obtained. 
Only then is the sample reservoir made available as a source of sampled blood for use 
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Jn other embodiments the ^ , 

including , he disno^h]. .- penetration sampling device 

o fle disposable sampling module, (he lancet driver and , W , 
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* * 

In another miniature embodiment r - 
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specially no laiger !han about 15 mm Inn- S 
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mmlhick; dimensions of the lancet driver without the cartridge or sampling module are 
generally at least about 1 mm long, 0.1 mm wide, and 0.1 mm thick, or specifically at 
■ ; least about 2 mm long, 0.2 mm wide, and 0.2 mm thick, or more specifically at least 
about 4 mm long, 0.4 mm wide, and 0.4 mm thick. 

In yet another mmiatuxe embodiment, dimensions of the mmjature sampling 
module without the lancet driver or cartridge are no larger than about 15 mm long, 
about 10 mm wide, and about 10 mm thick, or no larger than about 10 mm long, about 
7 mm wideband about 7 mm thick, or no larger than about 5 mm long, about 3 mm 
wide, and about 2 mm thick; dimensions of me miniature sampling module without the 
lancet driver or cartridge are generally at least about 1 mm long, 0.1 mm wide, and. 0.1 
mm thick, specifically at least about 2 mm long, 0.2 mm wide, and 0.2 mm thick, or 
more specifically at least about 4 mm long, 0.4 mm wide, and 0.4 mm thick. 

* ■ - * i * 

In another embodiment, the rnmiaturized sampling module and the lancet driver 
form a single unit having a shared housing, and the combined sample acquisition 
module/lancet driver unit is disposable. Such a combined unit is no larger than about 
80 mm long, about 30 mm wide, and about 10 mm thick, specifically no larger than 
about 50 mm long, about 20 mm wide, and about 5 mm thick, more specifically, no 
larger than about 20 mm long, about 5 mm wide, and about 3 mrri thick; the combined 
unit is generally at least about 2 mm long, about 03 mm wide, and about 0.2 mm thick, 
specifically at least about 4 mm. long, 0.6 mm wide, and 0.4 mm thick, more 
specifically, at least about 8 mm long, 1 mm wide, and 0.8 mm thick. 

Referring to FIG. 71, another embodiment of a tissue penetration sampling device 
is shown, mcorporating a disposable sampling module 608 cartridge and analyzer device 
669 is shown. The analyzer device 669 includes a deck 670 having a lid 671 attached 
to the deck by hinges along the rear edge of the system 672. A readout display 673 on 
the lid 671 functions to give the user information about the status of the analyzer device 
669 and/or the sampling module cartridge 668, or to give readout of a blood test. The 
analyzer device 669 has several function burtons 674 for controlling function of the 

* • ■ • 

analyzer device 669 or for inputting information into the reader device 669. 
Alternatively* the reader device may have a touch-sensitive screen, an optical scanner, 
or other input means known in the art. 
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- An analyzer device with an optical scanner may be particularly useful in a 
cluneal setting, where patient information inay be recorded using scan codes on patients' 
wnstbauds or files. The analyzer reader device may have a memory, enablin» the 
analyzer device to store results ofmany recent tests. The analyzer device may alsolve 

5 a clock and calendar function, enabling the results of tests stored in the memory to be 
t ime and date-stamped. A computer interface 675 enables records in memory to be 
ported, to a computer.; The analyzer device 669 has a chamber located between the 
deck 670 and the hd 671, which closely accommodates a sampling module cartridge 
668. Raising the lid 671, allowing a sampling module cartridge 668 to be inserted or 

) removed, accesses the chamber. 

• ■ . - ■ 

FIG. 72 is an illustration showing some of the features of an embodiment of a 
sampling module cartridge. The sampling module cartridge 668 has a housing having 
an orientation sensitive contact interface for mating with a complementary surface on 
the analyzer device. The contact interface functions to align the sampling modu.e 
cartndge with the analyzer device, and also allows the analyzer device to rotate the 
samphng module cartridge in preparation for a new sampling event The contact 
interface may take Ore form of cogs or grooves formed in the housing, which mate with 
complementary cogs, or grooves in the chamber of the analyzer device. 

The sampling module cartridge has a plurality of sampling sites 678 on the 
housmg, which are shown as slightly concave depressions near the perimeter of the 
samphng module cartridge 668. Each sampling site defines an opening 679 contiguous 
With a sample input port entering the sampling module. In an alternate embodiment the 
samphng s„es and sample input ports are located on me edge of the sampling module 
cartndge. Optical windows 680 allow transmission of light into the sampling module 
cartndge for the purpose of optically reading test results. Ahematively, sensor 
conncctmn points allow Uansmission of test results to the analyzer device via electrical 
contact. Access ports 681, if present, allow transmission of force or pressure into the 

samphng module cartridge from the analyzer device. The access ports may be useful 
,n comuncon with caiibration ^ ^ . ^ ^ ^ 

or other bodily fluids. 

The described features are ananged around the sampling module cartridge and 
.he samplmg module cartndge is radially partitioned into many sampling modu.es, each 
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sampling module having the components necessary to perform a single blood sampling 
and testing event A plurality of sampling modules are present on a sampling module 
cartridge, generally at least ten sampling modules are present on a single disposable 
sampling module cartridge; at least about 20, or more on some embodiments, and at 
least about 34 sampling modules are present on one embodiment, allowing the sampling 
module cartridge to be maintained in the analyzer device for about a week before 
replacing with a new sampling module cartridge (assuming five sampling and testing 
events per day for seven days). With increasing nrimaturization, up to about 100, or 
more preferably up. to about 150, sampling modules may be included on a single 
sampling module cartridge, allowing up to a month between replacements with new 
sampling module cartridges. It may be necessary for sampliug sites to be located in 
several concentric rings around the sampling module cartridge or otherwise packed onto 
the housing surface to allow the higher number of sampling modules on a single 
sampling module cartridge. 

In other embodim^ts, the sampling module cartridge may be any other shape 
which may conveniently be inserted into a analyzer device and which are designed to 
contain multiple sampling modules, e.g. a square, rectangular, oval, or polygonal shape. 
Each sampling module is ininiaturized, being generally less than about 6.0 cm long by 
about 1 .0 cm wide by about 1 .0 cm thick, so that thirty five more or less wedge-shlped 
sampling modules can fit around a disk having a radius of about 6.0 cm. In some 
embodiments, the sampling modules can be much smaller, e.g. less than about 3.0 cm 
long by about 0.5 cm wide by about 0.5 cm thick. 

.... t 

FIG. 73 depicts, in a highly schematic way, a single sampling module, positioned 
within the analyzer device. Of course, it will occur to the person of ordinary skill in the 
art that the various recited components may be physically arranged in various 
configurations to yield a functional system. FIG. 73 depicts some components, which 
might only be present in alternate embodiments and are not necessarily all present in any 
smgle embodiment. The sampling module has a sample input port 682, which is 
contiguous with an opening 683 defined by a sampling site 684 on the cartridge housing 
685. . A lancet 686 having a lancet tip 687 adjacent to the sample input port 682 is 
operably maintained within the housing such that the lancet 686 can move to extend the 
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' - In a separate embodiment, only one optically transparent window is present, and 
the opposing side of the analytical region is silvered or otherwise reflectively coated to 
reflect light back through the analytical region and out the window to be analyzed by 
the analyzer device. In an alternate embodiment, the sensor is electrochemical 700, e g 
an enzyme electrode, and includes a means of transmitting an electric current from the 
sampling module cartridge to the analyzer device, e.g. an electrical contact 701, or 
plurality of electrical contacts 701, on the housing accessible to the analyzer device. 

hi one embodiment, the pierceable membrane 692 may be.made of polymer- 
based film that has been coated with a silicone-based gel. For example, the membrane 

* * ■ * - 

structure may comprise a polymer-based film composed of polyethylene terephthalate, 
such as thefilm sold under the trademark MYLAR®. The membrane structure may 
further comprise a thin coating of a silicone-based gel such as the gel' sold under the 
trademark SYLGARD® on at least one surface of the film. 

The usefulness of such a film is its ability to reseat after the lancet tip has 
penetrated it without physically affecting the lancet's cutting tip and edges. The 
MYLAR® film provides structural stability while the thin SYLGARD® silicone 
laminate is flexible enough to retain its form and close over the hole made in the 
MYLAR® film. Other similar materials fulfilling the structural stability and flexibility 
roles may be used in the manufacture of the pierceable membrane in this embodiment. 

The pierceable membrane 692 operates to allow the lancet tip 687 to pierce the 
pierceable membrane 692 as the lancet tip 687 travels bto and through the sampling port 
682. In the described embodiment, the sih'cone-based gel of the membrane 692 
automatically seals the cut caused by the lancet tip 687. Therefore, after an incision is 
made on a finger of a user and the lancet tip 687 is retracted back through the pierceable 
membrane 692, the blood from the incision is prevented from flowing through the 
pierceable membrane .692, which aids the blood to travel through the sample flow 
channel 695 to accumulate within the analytical region 696. 

Thus the pierceable membrane 692 prevents blood from flowing into the lancet 
device assembly, and blood contamination and loss into the lancet device mechanism 
cavity are, prevented. In yet another embodiment, used sample input ports are 
automatically sealed off before going to the next sample acquisition cycle by a simple 
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button mechanism. A^n^bm^-^oa t ^^j m ^ ai ^ 
be 

Unsuccessful. 

In an alternate: embodirnent, a calibrant ^pry reservoir 702 is also present i„ 
each sampling module. The calibrant supply reservoir 7 02 is filled with a calibrant 
solution and is in fluid communication with a cahbration chamber 703. The calibration 
ehamber 703 provides a source of a known signal from the sampling module cartridge 
to be used to validate and quantify the test conducted in the analytical region 696 As 
such, the configuration of the calibration chamber 703 closely resembles the analytical 
region 696. 

During use, the calibrant solution is forced from the calibrant supply reservoir 
702 into the calibration chamber 703.. The figure depicts a stylized plunger 704 above 
the calibrant supply reservoir 702 ready to squeeze the calibrant supply reservoir 702 
Inprachce, a variety of methods of transporting small quantities of fluid areknownin 
the art- and can be implemented on the sampling module cartridge: The calibration 
chamber 703 is associated with a calibrant testing means. 

FIG. 73 shows two alternate calibrant testing means - optical windows 697 and 
an electrochemical sensor 676. In cases where the sampling module is designed to 
perform several different teste on the blood, both optical and electrochemical testing 
means may be present. The optical windows 697 allow passage of light 677 from the 
analyzer device through the calibration chamber 703, whereupon me light 703' leaving 
the cahbration chamber 703 passes onto an optical sensor 698' to result in a signal in • 
the analyzer device. 

The electrochemical sensor 676 is capable of generating a signal mat is 
communicated to the analyze, device via, e g. an electrical contact 704' which is 
accessmle to a contact probe 702' on the analyzer device that can be extended to contact, 
•he electrical contact 704'. The calibrant solution may be any solution, which in 
combination with the calibrant testing means, will provide a suitable signal, which will 
serve as cahbration measurement to the analyzer device. Suitable calibrant solutions are 
known m the art, e.g. gjncose solutions of known concentration. The calibration 
measurement is used to adjust the results obtained from sample sensor from the 
analytical region 696. . ■ 
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- To maintain small size in some sampling module cartridge embodiments, 
allowing small quantities of sampled blood to be sufficient, each component of the 
sampling module must be small, particularly the sample flow channel and the analytical 
region.. The sample flow channel can be less than about 0.5 mm in diameter 
specifically less than about 0.3 mm in diameter, more specifically less than about 0 2 
mm in diameter, and even more specifically less than about 0. 1 mm in diameter. 

The sample flow channel may generally be at least about 50 micrometers in 
diameter. The dimensions of the analytical region may be less than about 1 mm by 
about 1 mm by about 1 mm, specifically less than about 0.6 mm by about 0.6 mm by 
about 0.4 mm, more specifically less than about 0.4 mm by 0.4 mm by .0.2 mm, and 
even more specifically less than about 0.2 mm by about 0.2 mm by about 0.1 mm. The 
analytical region can generally be at least about 100 micrometers by 100 micrometers 
by 50 micrometers. 

The sampling module cartridge is able to return a valid testing result with less 
than about 5 microliters of blood taken from the skin of a patient, specifically less than 
about 1 microliter, more specifically less than about 0.4 microliters, arid even more 
specifically less than about 0.2 microliters. Generally, at least 0.05 microliters of blood 
is drawn for a sample. 

The cartridge housing may be made in a plurality of distinct pieces, which are 
then assembled to provide the completed housing. The distinct pieces may be 
manufactured from a wide range of substrate malerials. Suitable materials for forming 
the described apparatus include; but are not limited to, polymeric materials, ceramics 
(including aluminum oxide and the like), glass, metals, composites, and laminates 
•hereof. Polymeric materials are particularly preferred herein and will typically be 
organic polymers that are homopolymers or copolymers, naturally occurring or synthetic, 
crosslinked or uncrosslinked. 

It is contemplated that the various components and devices described herein, such 
as sampling module cartridges, sampling modules, housings, etc., may be made from a 
variety of materials, including materials such as the following: polycarbonates; 
Polyesters, including poly (ethylene terephthalate) and po]y(butylene terepbthalate); 
polyamides, (such as nylons); polyelhers, including polyformaldehyde and poly 
(pbenylene sulfide); polymrides, such as that manufactured .under the trademarks 
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system may emit a signal (e.g. an audible beep) that the patient's skin may be lifted 

• ■ 

from the sampling site 678. 

When the testing of the sample is complete, the analyzer device 669 
automatically reads the results from the sampling module cartridge 668 and reports the 
results on the readout display 673. The analyzer device .669 may also store the result 
in memory for later downloading to a computer system. The sampling module cartridge 
668 may then automatically be advanced to bring the next sampling module inline for 
the next use. Each successive time the system is used (optionally until the sampling 
module cartridge 668 is used up), the patient's skin may be plaped.upon the sampling 

■ site 678 of the (already installed) sampling module cartridge 668, thus simplifying the 

" " . • 

process? of blood sampling and testing. 

A method of providing more convenient blood sampling, wherein a series of 
blood samples may be collected and tested using a single disposable sampling module 
cartridge which is designed to couple to an analyzer device is described. Embodiments 
of the sampling module cartridge include a plurality of sampling modules. Each 
sampling module can be adapted to perform a single blood sampling cycle and is 
functionally arranged within the sampling module cartridge to allow a new sampling 
module to be brought online after a blood sampling cycle is completed. 

Each blood sampling cycle may include lancing of a patient's skin, collection of 

* 

a blood sample, and testing of the blood sample. The blood sampling cycle may also 
include reading of information about the blood sample by the analyzer device, display 
and/or storage of test results by the analyzer device, and/or automatically advancing the 
sampling module cartridge to bring a new sampling module online and ready for the 
next blood sampling cycle to begin. 

A method embodiment starts with coupling of the sampling module cartridge and 
analyzer device and then initiating a blood sampling cycle. Upon completion of the 

- 

blood sampling cycle, the sampling module cartridge is advanced to bring a fresh, 
unused sampling module online, ready to perform another blood sampling cycle. 
Generally, at least ten sampling modules are present, allowing the sampling module 
cartridge to be advanced nine times after the initial blood sampling cycle. 

In some embodiments, more sampling modules are present and the sampling 
module cartridge may be advanced about ]9 times, and about 34 times in some 
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sampjing module 709. The contact brushes 724 can have any suitable configuration that 
will allow the sampling module belt 708 to pass laterally beneath the contact brushes 
724 and reliably make electrical contact with the sampling module 709 loaded in the 
drive coupler 713 and ready for use, A spring loaded conductive ball bearing is one 
example of a contact brush 724 that could be used A resilient conductive strip shaped 
to press against the inside surface of the flexible polymer sheet 727 along the sensor 
contact region 728 of the sampling module 709 is another embodiment of a contact 
brush 724. 

■ ■ .• ■ ■ . ■ 

The sampling module cartridge 705 has a supply canister 729 and a receptacle 
canister 730. The unused sampling modules of the sampling module belt 708 are 
disposed within the supply canister 729 and the sampling modules of the sampling 
module belt 708 that have been used are advanced serially after use into the receptacle 
canister 730. 

* . • " 1 ■ ... 

FIG. 77 is a perspective view of a section of the sampling module belt 708 

..'•«■ 

shown in the sampling module cartridge 705 in FIG. 74. The sampling module belt 708 
has a plurality of sampling modules 709 connected in series by a sheet of flexible 
polymer 727. The sampling module belt 708 shown in FIG. 77 is formed from a 
plurality of sampling module body portions 731 that are disposed laterally adjacent each 
other and connected and sealed by a single sheet of flexible polymer 727. The flexible 
polymer sheet 727 can optionally have sensor contacts 725, flexible electrical conductors 

. ■ * - 

732, sample sensors 733 or any combination of these elements formed on the inside 

surface 734 of the flexible polymer sheet 727. These electrical, optical or chemical 

elements can be formed by a variety of methods including vapor deposition and the like. 

The proximal portion 735 of the flexible polymer sheet 727 has been folded over 

on itself m order to expose the sensor contacts 725 to the outside surface of the sampling 

module 709. Tins makes electrical contact between the contact brushes 724 of the 

•* 

reader module 722 and the sensor contacts 725 easier to establish as the sampling 
modules 709 are advanced and loaded into position with the drive coupler 713 of the 
controllable driver 179 ready for use. The flexible polymer sheet 72? can be seemed 
to the sampling module body portion 731 by adhesive bonding, solvent bonding, 
ultrasonic thermal bonding or any other suitable method. 
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sheet 727 can be about 100 to about 150 microns. The distance between adjacent 
sampling modules 709 in the sampling module belt 708 can vary from about 0.1 mm to 

* * * r * ' 

* - • * . ' 

about 0.3 mm, and in some embodiments, from about 0.2 to about 0.6. 

PIGS. 80 and 81 show a perspective view of the body portion 731 of the 
5 sampling module 709 of FIG. 77 without the flexible polymer cover sheet 727 or lancet 
183 shown for purposes of illustration. FIG. 81 is an enlarged view of a portion of the 
body portion 731 of the sampling module 709 of PIG. 80 illustrating the sampling site 
715, sample input cavity 715% sample input port 741, sample flow channel 742, 
analytical region 743, control chamber 744, vent 762, lancet channel 736, lancet channel 
10 stopping structures 747 and 748 and lancet guides 749-75 1 of the sampling module 709. ; 

The lancet channel 736 has a proximal end 752 and a distal end 753 and includes 
a series of lancet bearing guide portions 749-751 and sample flow stopping structures 
747-748; The lancet guides 749-751 may be configured to fit closely with the shaft of 
the lancet 183 and confine the lancet 183 to substantially axial movement. At the distal 

15 end 753 of the lancet channel 736 the distal-most lancet guide portion 749 is disposed 

■ 

adjacent the sample input port 741 and includes at its distal-most extremity, the lancet . 
exit port 754 which is disposed adjacent the sample input cavity 715*. The sample input 
cavity can have a transverse dimension, depth or both, of about 2 to 5 times the 
transverse dimension of the lancet 1 83, or about 0.2 to about 2 mm, specifically, about 
20 0.4 to about 1 .5 mm, and more specifically, about 0.5 to about 1 .0 mm. The distal-most 
lancet guide 749 can have inner transverse dimensions of about 300 to about 350 
microns in width and about 300 to about 350 microns in depth. Proximal of the distal- 
most lancet guide portion 749 is a distal sample flow stop 747 that includes a chamber 

1 ... 

adjacent the distal-most lancet 749. The chamber bas a transverse dimension that is 
25 significantly larger than the transverse dimension of the distal-most lancet guide 749. 
The chamber can have a width of about 600 to about 800 microns, and a depth of about 
400 to about 600 microns and a length of about 2000 to about 2200 microns. The rapid 
transition of transverse dimension and cross sectional area between the distal-most lancet 
bearing guide 749 and the distal sample flow stop 747 interrupts the capillary action that 
30 draws a flufd sample through the sample input cavity 715' and into the lancet channel 
736. ■ 
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a transverse dimension of about 2 to about 5 times the transverse dimension of the lancet 

183, or about 400" to about 1000 microns, the sample input cavity serves to accept a 

fluid sample as it emanates from lanced tissue and direct the fluid sample to the sample 

• - * < 

input port 741 and thereafter the sample flow channel 742. The sample flow channel 

742 is disposed between and in fluid communication with the sample input port 741 and 

*■ * * « 

the analytical, region 743. The transverse dimensions of the sample flow chacnnel 742 
can be. the same as the transverse dimensions of the sample input port 741 with a depth 
of about 60 to about 70 microns, a width of about 400 to about 600 microns. The 

. - ♦ ■ ■ 

length of the sample flow channel 742 can be about 900 to about 1100 microns. Thus 
in use, target tissue is disposed on the sampling site 715 and a lancing cycle initiated. 
Once the target tissue 233 has been lanced and the sample begins to flow therefrom, the 
sample enters the sample input cavity 715' and then the sample input port 741. The 
sample input cavity 715* may be sized and configured to facilitate sampling success by 
applying pressure to a perimeter of target tissue 233 before, during and after the lancing 
cycle and hold the wound track open afler the lancing cycle to allow blood or other fluid 
to flow from the wound track and into the sample input cavity 715'. From the sample 
input port 741, the sample in then drawn by capillary or other forces through the sample 
flow channel 742 and into the analytical region 743 and ultimately into the control 
chamber 744. The control chamber 744 may be used to provide indirect confirmation 
of a complete fill of the analytical region 743 by a sample fluid. If a fluid sample has 
been detected in the control chamber 744, this confirms that the sample has completely 
filled the analytical region 743. Thus, sample detectors may be positioned within the 
control chamber 744 to confirm filling of the analytical region 743. 

The analytical region 743 is disposed between and in fluid communication with 
the sample flow channel 742 and the control chamber 744. The analytical region 743 
can have a depth of about 60 to about 70 microns, a width of about 900 to about 1 1 00 
microns and a length of about 5 to about 6 mm. A typical volume for the analytical 
region 743 can be about 380 to about 400 nanoliters. The control chamber 744 is 
disposed adjacent to and proximal of the analytical region 743 and can have a transverse 
dimension or diameter of about 900 to about 1100 microns and a depth of about 60 to 
about 70 microns. 
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collection process. As such, the user does not need to be able to see the sample in order 
to have it transferred into the sampling module 709. Because of this, the position of the 
sample input cavity 715* and the sample input port 741 adjacent the Jancet exit port 754 
allows a very small amount of sample to be reliably obtained and tested. 

Samples on the order of tens of nanbliters, such as about 10 to about 50 
nanoliters can be reliably collected and tested with a sampling module 709. This size 
of blood sample is too small to see and reliably verify visually. Therefore, it is 
necessary to have another method to confirm the presence of the blood sample in the 
analytical region 743. Sample sensors 733, such as the thermal sample sensors discussed 
above can positioned iri the analytical region 743 or control chamber 744 to confirm the 
arrival of an appropriate amount of blood sample. 

* * - 

In addition, optical methods, such as spectroscopic analysis of the contents of the 
analytical region 743 or control chamber 744 could be used to confirm arrival of the 
blood sample. Other methods such as electrical detection could also be rased and these 
same detection methods can also be disposed anywhere along the sample flow path 
through the sampling module 709 to confirm the position or progress of the sample (or 
samples) as it moves along the jflow path as indicated by the arrows 763 in FIG. 81. . 
The. detection methods described above can also be useful for analytical methods 
. requiring an accurate start time. 

■ . . 

The requirement for having an accurate start time for an analytical method can 
in turn require rapid filling of an analytical region 743 because many analytical 
processes begin once the blood sample enters the analytical region 743. If the analytical 
region. 743 takes too long to fill, the portion of the blood sample that first enters the 
analytical region 743 will have been tested for a longer time that the last portion of the 
sample to enter the analytical region 743 which can result in inaccurate results. 
Therefore, it may be desirable in these circumstances to have the blood sample flow first 
to a reservoir, filling the reservoir, and then have the sample rapidly flow all at once 
from the reservoir into the analytical region 743. 

In one embodiment of the sampling module 709, the analytical region 743 can 
have a transverse cross section that is substantially greater than a transverse cross section 
of the control chamber 744. The change in transverse cross section can be accomplished 
by restrictions in the lateral transverse dimension of the control chamber 744 versus the 
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microns in width in both directions and a depth that yields a volume for each analytical 
region 767 of about 1 nanoliter to about 100 nanoliters, specifically about 10 nanoliters 
to about 50 nanoliters. The array of small volume analytical regions 767 can be filled 
by capillary action through a sample flow channel 768 that branches at a first branch 
point 769, a second branch point 770 and a third branch point 771. Each small volume 
analytical region 767 can be used to perform a like analytical test or a variety of 
different tests can be performed in the various analytical regions 767. 

For some analytical tests, the analytical regions 767 must have maintain a very 

■ ■ 

accurate volume, as some of the analytical tests that can be performed on a blood sample 
are volume dependent Some analytical testing methods detect glucose levels by 
measuring the rate or kinetic of glucose consumption. Blood volume required for these 
tests, is . on the order of about 1 to about 3 microliters. The kinetic analysis is not 

sensitive to variations. in the volume of the blood sample as it depends on the 

■ ' ' -■ 

concentration of glucose in the relatively large volume sample with the concentration of 
glucose remaining essentially constant throughout the analysis. Because this type of 
analysis dynamically consumes glucose during the testing, it is not suitable for use with 
small samjples, eg., samples on the order of tens of nanoliters where the consumption of 
. glucose would alter the concentration of glucose. 

Another analytical method uses coulomb metric measurement of glucose 

- 

concentration. This method is accurate if the sample volume is less than about 1 

* - 

microliter and the volume of the analytical region is precisely controlled. The accuracy 
and the speed of the method is dependent on the small and precisely known volume of 
the analytical region 767 because the rate of the analysis is volume dependent and large 
volumes slow the reaction time and negatively impact the accuracy of the measurement. 

r I 

Anomer analytical method uses an optical fluorescence decay measurement that 
allows very small sample volumes to be analyzed. This method also requires that the 
volume of the analytical region 767 be precisely controlled. The small volume 
analytical regions 767 discussed above can meet the criteria of mamtaining small 
accurately controlled volumes when the small volume analytical regions 767 are formed 
using precision manufacturing techniques. Accurately formed small volume analytical 
regions 767 can be formed in materials such as PMMA by methods such as molding and 
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. the lancet 183. After the sampling module cartridge 705 is loaded into the controllable 
driver housing 706, the sampling module- belt 708 is advanced laterally until the drive 

Bead 198 of a lancet 183 of one of the sampling modules 709 is fed into the drive 

• . " ■* - ■ • ■ • 

coupler 713 as shown in F1GS1 86-88. FIGS. 86-88 also illustrate a lancet crimp device 
5 783 that- bends the shaft portion 201 of a used lancet 183 that is adjacent to the drive 

* * • . • 

coupler 713. This prevents the used lancet 183 from /moving out through the module 
body 731 and being reused. 

As the sampling modules 709 of the sampling module belt 708 are used 
sequentially, they are advanced laterally one at a time into the receptacle canister 730 
10 where they are stored until the entire sampling module belt 708 is consumed. The 
receptacle canister 730 can then be properly disposed of in accordance with proper 

* * ■ j 

techniques for disposal of blood-contaminated waste. The sampling module cartridge 
705 allows the user to perform multiple testing operations conveniently without being 
unnecessarily exposed to blood waste products and need only dispose of one cartridge 

15 . after many uses instead of having to dispose of a contaminated lancet 183 or module 

• . • . 

709 after each use. 

4 

* 

PIGS. 89 and 90 illustrate alternative embodiments of sampling module 
cartridges. FIG. 89 shows a sampling module cartridge 784 in a carousel configuration 
with adjacent sampling modules 785 connected rigidly and with sensor contacts 786 
20 from the analytical regions of the various sampling modules 785 disposed near an inner 
radius 787 of the carousel. The sampling modules 785 of the sampling module cartridge 

* * ■ 

784 are advanced through a drive coupler 713 but in a circular as opposed to a linear 
fashion. 

FIG. 90 illustrates a block of sampling modules 788 in a four by eight matrix. 

. _ * 

25 The drive head 198 of the lancets 183 of the sampling modules 789 shown in FIG. 90 
are engaged and driven using a different method from that of the drive coupler 713 
discussed above. The drive heads 198 of the lancets 183 have an adhesive coating 790 
that mates with and secures to the drive coupler 791 of the lancet driver 179, which can 
be any of the drivers, including controllable drivers, discussed above. 

30 The distal end 792 of Ibe drive coupler 793 contacts and sticks to the adhesive 

790 of proximal surface of the drive head 1 98 of the lancet 1 83 during the beginning 
of the lancet cycle. The driver coupler 791 pushes the lancet 183 into the target tissue 
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surface 810 of a second carrier tape 81 1 with the adhesive surfaces 808 and 810 pressed 
together around the shaft portion 201 of the lancets 183 to hold them securely in the 
lancet belt 807. The lancets 183 have drive heads 198 which are configured to be 
laterally engaged with a drive coupler 713, which is secured to an elongate coupler shaft 

184 of the controllable driver 179. 

- * . 

The belt advance mechanism 804 includes a first cog roller 814 and a second cog 
roller 815 that have synchronized rotational motion and are advanced in unison in an 

* . » 

incremental indexed motion. The indexed motion of the first and second cog rollers 8 1 4 
and 815 advances the lancet belt 807 in units of distance equal to the distance between 
the lancets 183 disposed in the lancet belt 807. The belt advance mechanism 804 also 
includes a first take-up roller 816 and a second take-up roller 817 that are configured 
to take up slack in the first and second carrier tapes 809 and- 81 1 respectively. "•" 

* When a lancet belt cartridge 803 is loaded in the belt advance mecham!m 804, 
a lead portion 818 of the first carrier tape 809 is disposed between a first cog roller 814 
and a second cog roller 815 of the belt advance mechanism 804. The lead portion 818 
of the first carrier tape 809 wraps around the outer surface 819 of the first turning roller 
827, and again engages roller 814 with the cogs 820 of the first cog roller 814 engaged 
with mating holes 821 in the first carrier tape 809. The lead portion 818 of the first 
carrier tape 809 is then secured to a first take-up roller 816. A lead portion 822 of the 
second carrier tape 81 1 is also disposed between the first cog roller 814 and second cog 
roller 815 and is wrapped -around an outer surface 823 of the second turning roller 828, 
and again engages roller 815 with the cogs 826' of the second cog roller 815 engaged 
in with mating holes 825 of the second carrier tape 81 1. The lead portion 822 of the 
second carrier tape 81 1 is thereafter secured to a second take-up roller 817. 

As the first and second cog rollers 814 and 815 are advanced, the turning rollers 
827 and 828 peel the first and second carrier tapes 809 and 81 1 apart and expose a 
lancet 183. The added length or slack of the portions of the first and second carrier 
tapes 809 and 811 produced from the advancement of the first and second cog rollers 
814 and 815 is taken up by the first and second take-up rollers 816 and 81?. As a 
lancet 183 is* peeled out of the first and second carrier tapes 809 and 811, the exposed , 
lancet 1 83 is captured by a lancet guide wheel 826' of the belt advance mechanism 804, 
shown in KG. 96, which is synchronized with the fust and second cog rollers 814 and 
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826. g ■ 814 ^ 815 M lancet guide wheel. 

Although discussion of the devices de^h^ r, . ' , 
* ^ methods JZ^Z^ ^ ^ ^ 

pon penetration of the patient's tissue 

- .^:t, t * deviw • *■ - - — — - 

s,te within a tissue, layers, of tissue or or ean wiiKin ,k k . 
important. For ex nmn | P ,k , , 8 ° Un ' he bod y ca n be 

1 raam P'e, epitheba] toinois can be tre-,f«i k, ■ ■ .. 

treated by injection of antigens 
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cytokine, ox colony stimulating factor by hypodermic needle or highrpressure injection 
sufficient for the antigen to enter at least the epidermis or the dermis of a patient. 

■ * ■ *- 

■ » • * * » 

Often, the efficacy of a drug or combination drag therapy depends on targeted delivery 

■ ■ 

to localized areas thus affecting treatment outcome. 

5 The abihty to accurately deliver drugs or vaccinations to a specific depm within 

. ■ •*■•■ 

the skin or tissue layer may avoid wastage of expensive drug therapies therefore 
impacting cost effectiveness of a particular treatment. In addition, the ability to deliver 

' ' . - • * ; . , , 

a drug or other agent to a precise depth can be a clear advantage where the outcome of 
treatment depends on precise localized drug delivery (such as with the treatment of 

10 ; intralesional immunotherapy). Also, rapid insertion velocity of a hypodermic needle to 

. . " ■ '. 

a precise predetermined depth in a patient's skin is expected to. reduce pain of insertion 
of the needle into the skin. Rapid insertion and penetration depth of a hypcklermic 

■ * * * ■ * * 

needle, or any other suitable elongated delivery device suitable for penetrating tissue, can 
be accurately controlled by virtue of a position feedback loop of a controllable driver 

* - 

15 coupled to the hypodermic needle. . 

FIG. 97 illustrates 901 distal end 901 of a hypodeimic needle 902 being driven 
into layers of skin tissue 903 by an electromagnetic controllable driver 904. The 
electromagnetic controDable driver 904 of FIG. 79 can have any suitable configuration, 
such as the configuration of electromagnetic controllable drivers discussed above. The 

♦ * 

20 layers of skin 903 being penetrated include the stratum corneum 905, the stratum 
lucidum 906, the stratum granulosum 907, the stratum spinosum 908, the stratum basale 
909 and the dermis 91 1. The thickness of the stratum corneum 905 is typically about 
300 micrometers in thickness. The portion of the epidermis excluding the stratum 
corneum 905 includes the stratum lucidum 906, stratum granulosum 907, and stratum 

25 basale can be about 200 micrometers in thickness. The dermis can be about 1000 

- ' 

* • 

micrometers in thickness. In FIG. 97, an outlet port 912 of the hypodermic needle 902 
is shown disposed approximately in the stratum spinosum 908 layer of the slrin 903 
injecting an agent 913 into the stratum spinosum 908. 

FIGS. 98-101 illustrate an agent injection module 915 including an injection 
30 member 9t6, that includes a collapsible canister 917 and the hypodermic needle 902, 
that may be driven or actuated by a controllable driver, such as any of the controllable 
drivers discussed above, to drive the hypodermic needle into the skin 903 for injection 



>VO 03/094752 PCT/U^OZ/mSS 

97 

* * 

of drugs, v;fficines 6r tte ^ ^ agent ^ a ^ 

canbcmtheformofthecoJlapsiWecadsterWhav^ ^ ^ 

^tam^ted^ar^jftstotai^ A cassette of aplurahtv 
of agent injectioB modules 915 (not shown) may provide a series of metered doses for 
5 long-term medication needs. Such a cassette may be configured similarly to the module 
, cassettes discussed above. Agent injection modules 915 and needles 902 may be 
. chsposable, avoiding biohazard concerns from unspent drug or used hypodermic needles 
?Q2. The geometry of the cutting facets 921 of the hypodermic needle shown in FIG 
79, may be the same or similar to the geometry of the cutting facets of the lancet ,83 
) discussed above. 

Inherent in theposition and. velocity control system of some embodiment of a 
controllable driver is. lability to precisely determine the position or penetration depth 
of me hypodermic needle 902 relative to the controllable driver or layers of target tissue 
or skm 903 bemg penetrated. Fox embodiments of controllable drivers that use optical 
encoders for position sensors, such as an Agilent HEDS 9200 series, and using a four 
edge detection algorithm, it is possible to achieve an in plane spatial resolution of + A, 7 
umandepth. TtuW^i**^^*^^^^^ 
be used for mtradermal or subcutaneous injection, a total of 88 position points can be 
resolved along the penetration stroke. A spatial resolution this fine allows precise 
Placement of a distal tip 901 or outlet port 912 of the hypodermic needle 902 with 
respect to the layers of the skin 903 during delivery of the agent or drug 913 In some 
embodnnents, a displacement accuracy of better than about 200 microns can be achieved 
m others a displacement accuracy of better than about 40 microns can be achieved. 

The agent injection module 915 includes the injection member 916 which 
^eludes the hypodermic needle 902 and drug reservoir or collapsible canister 917 which 
may coup,e ,o an elongated coupler shall ,84 via a drive coupler ,85 as shown. The 
hypodenmc needle 902 can be driven .o a desired penetration depth, and then the drug 
or other agent 913, such as a vaccine, is passed into an inlet port 922 of the needle 902 
•hrough a central Inmen 923 of the hypodermic needle 902 as shown by arrow 924 
shown m FIG. 98, and out of ,he outle, port 912 at d>e distal end 90, of the hypodermic' 
needle 902, shown in FIG. 97. 
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- Drug or agent delivery can occur at the point of maximum penetration, or 

» ' ' « 

following retraction of the hypodermic needle 902, In some embodiments, it may be 
desirable to deliver the drug or agent 91 3 during insertion of the hypodermic needle 902. 
Drug or agent delivery can continue as the hypodermic needle 902 is being withdrawn 
(this is commonly the practice during anesthesia in dental work). Alternatively drug 

is stationary during any part of the retraction 

phase. * 

_.'*-. " . 

The hollow hypodermic needle 902 is fitted with the collapsible canister 917 

* 

containing a drug or other agent 913 to be dispensed. The Walls 928 of this collapsible 
canister 917 can be made of a soft resilient material such as plastic, rubber, or any other 

* 

suitable material. A distal plate 925 is disposed at the distal end 926 of the collapsible 
canister is fixed securely to the shaft 927 of the hypodermic needle proximal of the 
distal tip 901 of the hypodermic needle 902. The distal plate 925 is sealed and secured 
to the shaft 927 of the hypodermic needle 902 to prevent leakage of the medication 91 3 
from the collapsible canister 917. 

A proximal plate 931 disposed at a proximal end 932 of the collapsible canister 

917 is slidingly fitted to a proximal portion 933 of the shaft 927 of the hypodermic 
needle 902 with a sliding seal 934. The sliding seal 934 prevents leakage of the agent 
or medication 913 between the seal 934 and an outside surface of the shaft 927 of the 
hypodermic needle 902. The sliding seal allows the proximal plate 931 of the 
collapsible canister 917 to slide axiaUy along the needle 902 relative to the distal plate 
925 of the collapsible canister 917. A drug dose may be loaded into the main chamber 

91 8 of the collapsible canister 917 during manufacture, and the entire assembly protected 
during shipping and storage by packaging and guide fins 935 surrounding the drive head 
slot 936 of the agent injection module 915. 

An injection cycle may begin when the agent injection module 91 5 is loaded into 
a ratchet advance mechanism (not shown), and registered at a drive position with a drive 
head 937 of the hypodermic needle 902 engaged in the drive coupler 1 85. The position 
of the hypodermic needle 902 and collapsible canister 917 in this ready position is 
shown in BG- 99. 

Once the drive head 937 of the agent injection module 91 5 is loaded into the 
drjver coupler 185, the controllable driver can then be used to launch the injection 
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- « the taa 903 „ . ^ to . ft 

, <-*. - otoe, tissue can be ^ „ ^ la ^ ^ 

a«»d.fi, soroe onbodim^ '^atafc aboM 2 to ^ , — 

stroke, as shown in FIG. 100. 
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- During the proximal retrograde retraction stroke of the hypcKierrnic needle 902 
drug delivery continues until the main chamber 918 of the collapsible canister 917 is 
fully collapsed as shown in FIG. 1 01. At this point, the drive coupler 1 85 may continue 
to be retracted until the drive head 937 of the hypodermic needle 902 breaks free or the 
distal seal 941 between the distal plate 925 of the chamber and the hypodermic needle 
902 fails, allowing the drive coupler 1 85 to return to a starting position. The distal tip 
901 of the hypodermic needle 902 can be driven to a precise penetration depth within 
the tissue 903 of the patient using any of the methods or devices discussed above with 
regard to achieving a desired penetration depth using a controllable driver or any other 
suitable driver. 

In another embodiment, the agent injection module 915 is loaded into a ratchet 
advance mechanism that includes an adjustable or movable distal stage or surface (not 
shown) that positions the agent injection 915 module relative to a skin contact point or 
surface 942; In this way, an agent delivery module 915 having a penetration stroke of 

* * . ' " * * - * * 

predetermined fixed length, such as shown in FIGS. 99-101, reaches a pre-settable 

■ * 

penetration depth. The movable stage remains stationary during a drug delivery cycle. 

r 

In a variation of this embodiment, the moveable stage motion may be coordinated with 
a withdrawal of the hypodermic needle 902 to further control the depth of drug delivery. 

In another embodiment, the latch springs 938 shown in the agent injection 
module 915 of FIGS. 99-101 maybe molded with a number of ratchet teeth (not shown) 
that engage the proximal end 932 of (he collapsible canister 917 as it passes by on the 
penetration stroke. If the predetermined depth of penetration is less than the full stroke, 
the intermediate teeth retain the proximal end 932 of the collapsible canister 917 during 
the withdrawal stroke in order to collapse the main chamber 918 of the collapsible 
canister 917 and dispense the drug or agent 913 as discussed above. 

In yet another embodiment, drive lingers (not shown) are secured to an actuation 
mechanism (not shown) and replace the latch springs 938. The actuation mechanism is 

0 

driven .electronically in conjunction with the controllable driver by a processor or 
controller, such as the processor 60 discussed above, to control the rate and amount of 
drug delivered anywhere in the actuation cycle. This embodiment allows the delivery 
of medication during the actuation cycle as well as the retraction cycle. 
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abdrty to precisely define the position in space of the hypoderxmc needle 902, allowing 
fixute placement of the hypodermic needle in the skin 903 for injection of drn~ 
vaccines or the Drug delivery can be discrete or continuous depending 0D th e need 
FIGS. 102-106 illustrate an embodiment of a cartridge 945 that may be used for 
samphng that has both a lancet cartridge body 946 and an sampling cartridge body 947 
The sampling cartridge body 947 includes a plurality of sampling module portions 948 
that are disposed radially from a longitudinal axis 949 of the sampling cartridge body 
947. The lancet cartridge body 946 includes a plurahty of lancet module portions 950 
that have a, ancet channel 951 with a lancet 183 shdably disposed therein. Thelaucet 
module portions 950 are disposed radially from a ^ Ipngitudmal axis 952 of me ,ancet 
cartridge body 946. 

■ The samphng cartridge body 947 and lancet cartridge body 946 are disposed 

adjacent each other in an operative configuration such that each lancet module portion 
.950 can be readily aligned in a ctional arrangement with each sampling module 
portion 948. In the embodiment shown in FIGS. 102-106, desampling cartridge body 
947 as rotatable with respect to. the lancet cartridge body 946 in order to align any 
Jance, channel 951 and corresponding lancet 183 of the lancet cartridge body 946 with 
any of the lancet channels 953 of the sampling module portions 948 of the sampling 
cartndge body 947. The operative configuration of the relative location and rotatable 
couphng of the sampling cartridge body 947 and lancet cartridge bpdy 946 allow ready 
ahgnment of , ancet channels 951 and 953 in order to achieve a functional arrangement 
ofap^,^ module ^ 950 arnlsamplmgmodme portion 948. For the ; 
enrbodrment shown, the relative motion used to align the particular lancet module 
porhons 950 and sampling module portions 948 is confined to a single degree of 
freedom via relative rotation. 

The abdity of the cartridge 945 to align the various samphng module 948 
portions and lance, module portions 950 allows the user to use a single lancet 183 of a 
particular lance, module portion 950 withmultiple sampling module portions 948 of the 
samphng cartndge body 947. m addition, multiple different lancets 183 of lancet 
module portions 950 could be used ,o obtain a sample in a single sampling modu,e 
portion 948 of the sampling cartridge body 947 if n fresh unused .ance, 1 83 is required 
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or desired for each lancing action and previous lancing cycles have been unsuccessful 
in obtaining a usable sample. 

FIG. 102 shows an exploded view in perspective of the cartridge 945, which has 

- 

a proximal end portion 954 aiid a distal end portion 955. The lancet cartridge body 946 

■ ■ ■ * 

■ 

is disposed at the proximal end portion 954 of the cartridge 945 and has a plurality of 

lancet module portions 950, such as the lancet module portion 950 shown in FIG. 103. 

■ ... . • 

Each lancet module portion 950 has a lancet channel 951 with a lancet 183 slidably 

disposed within the lancet channel 951. The lancet channels 951 are substantially 

parallel to the longitudinal axis 952 . of the lancet cartridge body 946. The lancets 183 

shown have a drive head 198, shaft portion 201 and sharpened tip 196. The drive head 

• * ■ * * 

198 of the lancets are configured to couple to a drive coupler (not shown), such as the 
drive coupler 185 discussed above. 

The lancets 183 are free to slide in the respective lancet channels 951 and are 
nominally disposed with the sharpened tip 196 withdrawn into the lancet channel 951 

• m m » ► 

to protect the tip 196 and allow relative rotational motion between the lancet cartridge 
body 946 arid the sampling cartridge body 947 as shown by arrow 956 and arrow 957 

- • 1 

in FIG. 102. The radial center of each lancet channel 951 is disposed a fixed, known 

* - ■ ■ 

radial distance from the longitudinal axis 952 of the lancet cartridge body 946 and a 
longitudinal axis 958 of the cartridge 945; By disposing each lancet channel 95 1 a fixed 
known radial distance from the longitudinal axes 952 and 958 of the lancet cartridge 
body 946 and cartridge 945, the lancet channels 951 can then be readily and repeatably 
aligned in a functional arrangement with lancet channels 953 of the sampling cartridge 
body 947. The lancet cartridge body 946 rotates about a removable pivot shaft 959 
which has a longitudinal axis 960 that is coaxial with the longitudinal axes 952 and 950 

of the lancet cartridge body 946 and cartridge 945. 

. • * • . . ■ ■ ". 

The sampling cartridge body 947 is disposed at the distal end portion .955 of the 

cartridge and has a plurality of sampling module portions 948 disposed radially about 

the longitudinal axis 949 of the sampling cartridge body 947. The longitudinal axis 949 

of the sampling cartridge body 947 is coaxial with the longitudinal axes 952, 958 and 

960 of the*iancet cartridge body 946, cartridge 945 and pivot shaft 959. The sampling 

cartridge body 947 may also rotate about the pivot shaft 959. In order to achieve 

precise relative motion between the lancet cartridge body 946 and the sampling cartridge 
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b0dy 947 ' — of the cartridge bodies 946 and 947 mus, be rotable about the 

959, that 1S) one of the cartridge bodies 946 and 947 may be secured, permanent* or 
removably, to the pivot shaft 959. 

The sampling cartridge body 947 includes a base 961 and a cover sheet 962 drat 
covers a proximal surface 963 of the base forming a mA nght ^ - . 

n^le portion 948 of *. sapling cartridge body 947, snch as the sampling^! 
port.cn 94 8s hown in FIG. 104 (wimout the cover sheet for C^ofillus.aL) has 
.sample reservoir 964 and a lancet channel 953. The sample reservoir 964 has a vent 
965., an outward radial end that allows the sample reservoir 964 ,o readily fi,, wth a 
y sample. The sample reservoir 964 is in fluid cornmumcauon wi ,h Ore respective 
lance, channel 953 which extends substantia^ parallel to the longitudinal V 949 of 
to y* cartridge body 947. The lance, channel 953 is disposed at the inward 
radial end of the sample reservoir 964. 

The lance, channels 953 of die sample cartridge body 947 allow passage of fte 
183 and also function as a sample flow channel 966 extending from an inlet port 
967 of the lanC e, channel 953, shown in FIG. 106, to the sample reservoir 964 Note 
that a proxinral surface 968 of the cover sheet 962 is spatially separated from a distal 
surface 969 of me lance, cartridge body 946 at ,he lance, channel site in order ,o proven, 
any thud sample from being draw, by capillary action into the lancet channels 951 of 
the lancet cartridge body 946. The spatial separation of the proximal surface 968 of the 
cover sheet 962 from the distal surface 969 of the lance, cartridge body 946 is achieved 
-th a boss 970 between ,he two surfaces 968 and 969 ,ha, is f onned ^ ^ ^ 
surface 969 of the lance, cartridge body as shown in FIG. 105. 

The sample reservoirs 964 of fte sampling cartridge body 947 may include any 
of the sample de.eCion sensors, .esting sensors, sensor contacts or the like discussed 
above w„h regard to other sampling module embodiments. The coVer shee, 962 may 
be/onned of PMMA and have conductors, sensors or sensor contacts formed on a 
surface thereof. „ may aIso be desirab]e ^ _ ^ ^ ^ ^ ^ ^ ^ 

parent or translucent materia jn or(ler Io use op , caJ ^ ^ 
samples obtained in the sample reservoirs. In Ore embodiment shown, the outer radial 
locatmn of a, lens, a portion of the sample reservoirs 964 of the sampling cartndge body 
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967-is beyond an outer radial dimension of the lancet cartridge body 946. Thus, an 
optical detector or sensor 971, such as shown in FIG. 105, can detect or test a sample 

disposed within a sample reservoir 964 by transmitting an optical signal through the 

* ■ . • 

cover sheet 962 and receiving an optical signal frpm the sample. 
5 The cartridge bodies 946 and 947 may have features, dimensions or materials that 

are the same as, or similar to, features, dimensions or materials of. the sampling 
cartridges and lancet cartridges, or any components thereof, discussed above. The 
module portions 948 and 950 may also have features, dimensions or materials that are 
the same as, or similar to, features, dimensions or materials of the lancet or sampling 

10 modules, or any components thereof, discussed above. In addition, the cartridge 945 can 
be coupled to, or positioned adjacent any of the drivers discussed above, or any other 
suitable driver, in an operative configvnatiori whereby the lancets of the lancet cartridge 
body can be selectively driven in a lancing cycle. Although the embodiment shown in 
FIGS. 1 02-1 06 allows for alignment of various sampling module portions 948 and lancet 

1 5 module portions 950 with relative rotational movement, other embodiments that function 
similarly are also contemplated. For example, lancet module portions, sampling module 
portions or both, could be arranged in a two dimensional array with relative x-y motion 
being used to align the module portions in a functional arrangement. Such relative x-y 
motion could be accomplished with position sensors and servo motors in such an 

20 • alternative embodiment order to achieve the alignment. 

Other embodiments of the invention will be apparent to those skilled in the art 
from consideration of the specification and practice of the invention disclosed herein. 
It is intended that the specification and examples be considered as exemplary only, with 
.a true scope and spirit of the invention being indicated by the appended claims. 
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^H^TJS_CLAJMED IS: 

■ 

1- A lancet module, comprising ' 

a m ^ hodyp6ltion comprisjng a Wt — ^ a ; 

lancet bearmg guides disposed within the lancet channel . and 
. a,^^, a ^ distal tip ^ shaft ^ ^ 

*dftfr dl sposed wuhin the lancet channel and lancet be^ g ^ ^ J 

movement . J.^wscqai 

2. Ihe lancet module of claim 1 wherein the module bodvWi„ • 

~* ^ atos tte 

l*»ng p.* ftp™* a , ^ of ^ ^ V 

3. The Jancet module of claim 1 wherein -» ^ , * 

, 0 t . , . 1 wnerein a longitudinal axis of the lancet 

i-he lancet module of claim 1 wherein thr i . t ' 

to ™ fa T 8 ^ **"" **- * »* « » rapid 

tuy registered and secured adjacent a lancet driver 
6- A lancet module comprising 

«„,v J.'!*! M ' t °'""° '""^ ' bM •'•»•■«> * « 

*? '^T- * m. 

*** ^ of to w , ^ md , rapjj ^ , n 

lancet channel- nnri 



slidab. a t JanCe ' COmPriSin8 3 ShaipCDed d '" S,aJ * - d *** P^on which is 
SJidabfy deposed within the lancet channel. 
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- 7. The lancet module of claim 6 wherein the lancet channel further 
comprises at least one lancet bearing guide with the lancet bearing guides configured to 
confine the lancet to substantially linear axial movement. 

8. The lancet module of claim 6 wherein the module body portion comprises 
three 3 lancet bearing guides separated spatially along the lancet channel with a lancet 
bearing guide disposed at either end of the lancet channel. 

9. The lancet module of claim 6 wherein a longitudinal axis of the lancet 
channel is substantially parallel to a longitudinal axis of the module body portion. 

* * 

10. The lancet module of claim 6 wherein the module body portion is 
configured to be mechanically registered and secured adjacent a lancet driver. 

* ■ * * 

. 1L A sampling module, comprising 

• ■ * 

a module body portion comprising a lancet channel with a phurality of 

lancet bearing guides disposed within the lancet channel : 

■ * . 

a lancet comprising a sharpened distal tip and shaft portion which is 
slidably disposed within the lancet channel and lancet bearing guides with the 
lancet bearing guides configured to confine a lancet to substantially linear axial 
movement; and 

a sample Teservoir in fluid communication with a sample input port of the 
module body portion. 

12. The sampling module of claim 10 wherein the module body portion 
comprises three 3 lancet bearing guides separated spatially along the lancet channel with 
a lancet bearing guide disposed at either end of the lancet channel. 

13. The sampling module of claim 11 wherein a longitudinal axis of the 
lancet channel is substantially parallel to a longitudinal axis of the module body portion. 

14. The sampling module of claim 11 wherein the lancet channel further 
comprises at least one flow stop chamber disposed within a distal end portion of the 
lancet channel that has a transverse dimension that is significantly larger than a 
transverse dimension of a dist airy adjacent portion of the lancet channel and a rapid 
transition in transverse dimension that will interrupt capillary action from a distal end 
of the lancet* channel. 

15. The sampling module of claim 11 wherein the module body portion is 
configured to be mechanically registered and secured adjacent a lancet driver. 
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-16. A sampling module, comprising: 

How stop chamber disposed within a distal ead ^ ^ ^ ^ « 

of a distal adjacent portion of the w ^ ^ ."T"*^ 
traverse dimension that will i*^ •„ P franS " 10n in 

lancet channel; ^ ^ ^ **" 3 «- of the 



* 

a Iancet comprising a sharpened distal tip and sh*f> 
. • r p 311(1 siialt portion which 

shdably Asposed withm the lancet channel; and , ' 

a sample reservoir in fluid cpmmumcation with a a*™,,*; . 
module body portion. "^sample mpnt port of the 

» * 

17- The sampling module of claim 16 wherein i 

comprises at least one lanr* K • • * ch annel further 

P 'east one lancet beanng gu.de with ^ lancet bearing guides cnnr , "" 

15 COnfme ^ ^ to ^air, hnear Movement ^ * 

18- The sampling module of.clainx 16 wherein the m „H , u ^ • 
comprises three 3 lancet Win* -a- ■ • m ° du,e ^ Portion 

Jancet beanng gmdes separated spatially along the lancet . h-, , . 

' . . . . y reeis,ered ^ secured adjacent a Iancet driver 

A sampling module, comprising: 

a module body poruon comprismg a lancet channel- 

slidablv^ 7**** ' ***** *** * » d ^ P^on which is 

reservoir hT^ TT ^ * ^ 3 ^ ^ 

en, of LTr OSed b " Vee " ^ ~ - 'enninal 

«• of .he sample reservoir and the lancet channel. 

22. The sampling module of claim 91 ™k„ - , - 
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- 23. The sampling module of claim 21 wherein the module body portion is 

■ * ' ■ ■ 

configured to be mechanically registered and secured adjacent a lancet driver. 

24. " the sampling module of claim 21 wherein the terminal end further 

- ■ •. . • 

comprises a fill detector. 

25. The sampling module of claim 24 wherein the fill detector is electrical. 

26. The sampling module of claim 24 wherein the fill detector is optical. 

27. The sampling module of claim 24 wherein the fill detector is visual. 

- * 
* • * 

28. A sampling module comprising: 

a module body portion haying a sampling site adjacent a lancet exit port 

■ 

where the sharpened distal rip of the lancet exits a distal end of the module body 
portion that includes a sample cavity in a distal end surface of the module body 
portion; 

* ■ » - 

a lancet comprising a sharpened distal tip and shaft portion which is 
slidably disposed within the module body portion and extendable from the lancet 

* • 

exit port; and . 

a sample reservoir in fluid communication with a sample cavity of the 

- ■ . 

module body portion/ 

29. The sampling module of claim 28 wherein a transverse dimension of the 
sampling cavity is about 2 to about 5 times a transverse dimension of the lancet shaft 
portion and wherein a sample flow channel is disposed between and in fluid 
communication with the sample reservoir and: the sample cavity. 

30; The sampling module of claim 28 wherein the module body portion is 
configured to be mechanically registered and secured adjacent a lancet driver. 

31. A sampling module, comprising: 

a module body pbrtion configured to be mechanically registered and 
secured adjacent a lancet driver; 

a lancet comprising a sharpened distal tip and shaft portion which is 
slidably disposed within the module body portion; and 

• a sample reservoir in fluid communication with a sample input port of the 
module body portion that has a fill detector for determining when the sample 
reservoir is full of a sample. 

32. The sampling module of claim 31 wherein the fill detector is electrical. 
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- -'33'. The sampling module of claim 31 wherein the fi]] detector is optical. 

34. The sampling module of claim 31 wherein the fill detector is visual. 

35. A sampling module, comprising: 

a module body portion comprising a lancet channel; 

a lancet comprising a sharpened distal tip and shaft ^ ^ 

shdably disposed within the lancet channel of the module body portion; 

a first sample reservoir having an input end and a terminal end, lne input 
end of the sample* reservoir being in fluid communication with a sample input 
port of the module body portion; and 

a second sample reservoir having an input end in fluid communicatioh 
wrfc the terminal end of the first sample reservoir and having a cross sectional 
area that .. substantially smaller than a cross sectional area of .he first sample 
reservoir such that a sample flowing from the sample input port into the first 
sample reservoir will fill the first sample reservoir and then rapidly fi]] the 
second sample reservoir by capillary action. 

sample reservoir further comprises a fill detector. 

37. The sampling module of claim 36 wherein the fill detector is electricaL 

38. The sampling module of claim 36 wherein the fill detector is optical. 

39. The sampling module of claim 36 wherein the fill detector is visual. 
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